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1 1 

< <h i>r- 9v--s<-mm. r-9mmu, isxv^\ 9 ?-(Ty vmrnfrh**) . 
z>\ r- 9 m%m mmufr ^ & >^ 

m%ttmmm<?> 1 o 1 o^fe^M^ mm^itt *&*wMz*txmm-rz>^&. 

2 ] 

<d%tv9 ^m^^mi n t vx^it^'r y h tzftmLxmmm^itt lxwm • ml 

^x<Dmmmm*n^±9 9**mz%m±t LxwM^xmzit*^ yj-zimz^&z 
[»*^ 3 ] 

7E<7) l«CO^ft<D$IJ^7t^BBJt<7)^r*Se)SD> BU IETO £ frfcfg -^ft £ TO $ *t tz $ t 

mits-*, m^^m^nm^^^^xta^^^, ttzit, mizomzftx&Mz^, 

CT, ^iei*^>X^^^^ibmitL^ffi^7fe : S:HuIE^:^'biii§lS3S$^:. tfc(t, S 
[IS*«4] 
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[M53-1H 

[0 0 0 1 ] 

IftSf] 
[0 0 0 2 ] 

if ® ft & t* z r v ? ^ l r mm Ltz^mmri; ? ^r- ? zm^md ^ ttfBisitL 

t^&o 0iJx.tf> 7--r v a ^feii^-fe^M^jsv^T, TV 9 ;vftLt^° 

- y ;i, n > n° ^ - ^ - co/n - Ff-V ^ ^ MI£'lt^M^ D V D & ^^^:ieii^#^a5ii L 

ifc, ^SfffflH^^coi^^b^i: ^^v^®*mi600xi200^®x.^jg^*fffl^ih®ft^ 
TV9n"^4 fcT V 3 >Mft^\ Miif ^>60^^<7)^:i6Hffiv^ibfLTv^ o 

®*|$cl600xi200<7)A#ilfil®ft^lOOOl$ca^^^^rf-V X7°lx^±n T3^7nJ 

[0 0 0 3] 

m.s ^m^m.'m. ; 'Mmtemcotzib<nm<7)mffi) ^&mzmi$LT-9*&m ■ mm-tz 

iZit r 1 G b p s J OiSiSL AN^fflK &|fc^£v> Li+^^r^ft^o -?"^"C% 

o ifc, [mm^mmm] i>&mx$>n, &&tv 9 >vt- 9 <Dm^m^ 

[0 0 0 4] 

t"*— 9 MimMBt 1 04^14 0 Gb p s flJ!t:<7> [^b? J T^i^it 

fc<D imm&±zmiRLriihmi<zmmirz>tztb<7), t^if^iSL^v>»«i ( 

[0 0 0 5] 

3te7 7"f/<-, £W£fcJltf Sft^ifttritjffi, -r&fr*), 

[0 0 0 6] 
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S^S&^W y^Oj»&i&<7j/StJT«^k£«/ca6K > m^C k: - * -fln&K i £ lM«J 
[0 0 0 7] 

■7 -;*,^-7<l!yfc>W y^^tix v>f • xu^ • y^f A (Mi 

cro Electro Mechanical System;MEM S £B§§££ ti%> 0 ) , m^mi. ■ KM^J 
(Exciton Absorption Reflection Switch ; E A R S X >f y f- H£fE£ ti&) , 

[0 0 0 8] 

(6 3 3 nm) &C «t 19 # ( 7 8 0 n m) 0£M Srfi 1 3 ftj^yt fg-^yfc * 13 th 

if*^ji£»s:isf a d t £ #m -t £ ft<w»;£fcfca*ra^ $ fir v> a 1 <b 

*»«l|jWflv»ib*u flHJfPftO/W- 2 ^v>L2 5mW»C*tt*iM«l*J!a»*=*ti-Sfl-^ 
*Wf&«r^Mtt, 2 v>f * n#^tia«$tLTv^ ORHfrjtltt 8 #J»P.) 0 
[0 0 0 9] 

xa&m 1 1± , ytww.<n * 'MB^k is v » -c yt * m jr l ^ * * ^ &~ 
£z>%MWZi>&m-rz> x n %m&mmfritfr%ri>-*imiztj:^x^z> (^#ra2^j; 

[0 0 10] 
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I 0 0 1 1 ] 

9 Mtfjtf** *) , ftS&$J#*|S] 4- g tcKjg-r * c: 1 rf> ? -c # & v> <h v> ? pas*** * o 

[0012] 

*£T*3&9i#<bU:, «afctft#tt<&&v», ftg§^#<^K£ J:raft£gE&^i£^f£ 

flljtiWfEjtiRJDUlBtrt^^^-cjijS*^ £ 3 £E1I*»I*U tfrEftMCTBia^E 
# U»ft £ QRJR L mt$.& «t CT O^Sflit K jg d -6 i&ft _t# feB L TiO£ W K £i* * JB 
4lf $ O ^ £ «^ *IJ«P ft a* H8St $ tifi u > X 

m-r & Km t , ^ firmly ximfc £ ti& »#i± utiEiDofc $ fifcflHf-ft** 

auroBB^ajKJ: o fe^iv^g^jsT'Hfrisitix^x^^^^mit-r^Mi: tu 

ifcli, S*l^>XKJ:o-CiWEiiKr«>H!&Aft«:SE!£S-*fclfe, iWEfl-f-ft^iiS-t* 
^^^tt^^^^SriiLTEit^-fr^ — ^\ $lJ^ft75 s BSM$tL-C^^>X^^;$^^*i 
£-f±, SiUr«fc 0 fe*§v»HJ£fc«^tfrE&l'>X^Jfc*^;frfei£#iJ 4i*f,a»t41E 
fiTOfWii, *4v>tt, 5£jteV'>XKJ:oTtfrEi£#0OB!l£Aj£*MS*fc& 

SB0#?r£ Sr ffi® L fc 1 1 is <£ XT 1 2 #BS) 0 

[0013] 

ItmiCM 1 1 #P^¥ 8-286220 ^t&Wl 
[WftlCM 2 ] 8-320535 
[#ft^Cm3 ] #H§¥ 8-320536 -^<2r# 
MMfcfcHU ] #P>3¥ 9 - 3 2 9 8 1 6 ^t&Wl 

mvf-xm 5 ] mm^ 10-90733 
l^mxme] #r^¥ 10-90734 

mftJCM. 7 ] 1 0 - 1 4 8 8 5 2 

mwtjcM 8 ] mmw- 10-148853 
mm--%m 9 ] mmm 6 0 - 1 a 2 2 1 

mftlCWi 1 0 ] #0§¥ 1 1 - 1 9 4 3 7 3 ^&$r 
[#^« 1 1] #12 0 0 2 - 2 7 5 7 1 3^ 
[WBvfcltt 1 2 ] #BI 2004-44991^- 

[^tfiScl] ¥fil^> Ba4>»> ^-tMBA 1 ?-, ^=©615*, fe3&££-#-«*# 

^ttlffift^W^efS&ff > i59t, I2f, 2 9 - 4 91 ( 1 9 9 4#) 
[*#TO2] MIK££. u-Hf-»iBft>>X«i* 
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tz<Di£&m^<Dfcm. > it^rnxmi. i3 6t, ^6^-, 432-43 

81 (1 98 1^) 

55-*HfcS*£3&fi\ 1 9 9 4^3^^, 1 7 8 - 1 8 71 
[0014] 

[0 0 15] 

■i&mommjc* mm-? mmtim t l , 

frEft!RJR»R«> 1 l ofcll&Effl»#fcffiK«-3 : #*: *#* J l^3*"Cffil#tt"S#& 

St-**, aurora i A-cwsti-* iojsi±w«iu^x^*^fc, 

[0 0 16] 

— ^ iSm^Bii. 4?fc<fc<>, ^^/u««l*:H5eft*v>LTiraEftOjtT'^ 
<9 LtO*/^7 h H^«OLTlrlS«^i: Ltllt • Sift, 

[0 0 17] 
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ex. m^^y^mm^h^\^tzm^it^m%^K^hmmm.m^^:, ttzii, & 

[0018] 

[0019] 
[0 0 2 0] 

[0 0 2 1 ] 

**9IKJ:*U*> ttWWiirM^^fflv^i* ustltoftv^ rtSrcffcl&U MtXttOi^v^ 
[ 0 0 2 2 ] 

) ^m^^^L^M^T^ ^ J^m^rcomt y t LW^-; h (packet ; /J^) K# 
#JU hftt=^fi^*J:tm«jSoffiFP»:ov»ro«gUfll*ll*3£"t^^ (tag ; W 

o 

[0 0 2 3] 

Ay y h is ^£:)fcKM#&x.-2> tot*'*, -r ttt^^^of^^/i'tt 
it (7*-*) ^@^ft^v^L^"^<0^«-^-O^i £ LtW^ v h U&DLtfi* 

bfc&'JEttafcaKf'NBU $ffifflO-C{4^jlHf4 2 J'^comglJ1f^^^o*v^T^^^ MC 

tblE#2 010-3017314 
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9 ?*Kov>-cf±^^ y y ^(nkmzttmztixm^ittt Lxmmztiz i><Dt-tz> 0 

[0 0 2 4 ] 

1 2 0 1 , 1 2 0 2, j3«fct>\ 120 3 -^g-* ii-ff $ 7*- 9 1 2 0 1 0 , 1 2 0 2 0 

, isxzf, 1203 o&t*f±, y-'-^mmu 1 1 o ok^t, f-*-*^§:iiftijtM 1 1 
fir<wqm9 y-tmmztitz®., jtm^-mmu 1120 ct^^ y h 1 2 0 1 1 > 120 

2 1, 1 2 0 3 1 , 12012, 12013 & ^»:JElft$itr3Hg*^ 1 1 1 

0 SrSC-Cft*^ 7f 1101 fc*3V>"C, ^ry h URIJWLTifefll-g-SUBffi 1 1 
2 0 ri^.TOSft* jfc*5ft* ^ 12111, 12121, 12131, 12112, 12 
113* t*<D\tm \Z X otMfBi 1111, 1 1 1 2 , H X t/, 1113 fc#i&£J*S 
tL-6o ^tLfbO^f^-jf&O^tCti^-^, jtfll-^SfllW 1 13 1, 113 2, 3o£U\ 1 

1 3 3 h *i, ii-e5&3t$*Lfcjfcy<^y KitMf^'^y 7*-* 
ii^-fg <M1WB5 l 14 1, 1 1 4 2, isilP, 114 3 Kis ^XWMM %>**r v V *V<r>miL 
*^Kfc»$*lfc?5fltafc*>JIMJ fcov>T<Z>*Jg|MfflU::3fe^v>-C\ 7C<7)t-*-^ 12 0 10, 

1 2 0 2 0, 1 2 0 3 0 * ifKffiiJ&Sft, 9 7 4 T y Y mW. 1 2 0 1 , 1 2 0 2 

, jsiO 8 ", 1 2 0 3 t-m^lt-^t LT@£<f ^tL^ 0 |H2 tc^i-J: -5 Wx.lt it<F>r- 
9 1 2 0 1 0 «\ jfe'*-*" 7 b OW^ftfflSfr 12311, 1 2 3 1 2 , 33 «fc t>\ 1 2 3 1 3 C 

^^12211, i 2 2 i 2 , 33«t^, i 2 2 i 3 tLxmnztitzr-rnmi&nmm 
\z^^x<nwwmm~&'3^xm.7tzfi, *7jT>vmw.i 20 l^mnztiZo 

[ 0 0 2 5] 
[0 0 2 6] 

f- ^^MfiiJOT'- ^iHS:#*iJ^fP 1 1 4 O^f^f n y */w*{±. Mz-l£ 

El 3 tc^i-j; ^ H, ONftl 13000, 13002, 13004, 1 3 0 0 6 %t*£0 
FFtitm 13001, 13003, 13005* t^S.I<Z[s\-<D^ )V 7,^mm> t P (M 
ilfl 2 5 5 'J 500 -Cl^v^feott*. jfc'^y M 2 0 0 0, 1 2 0 0 1 * £ It 

-Cf£;c£ti<5> (^!lx.ii\ /^i/^B#F^ipg tp 12 5 5 MM^FH A t 1 5 'J# 

) o i ^v±±.<nmmititmfrhmt zti&®.& d) , (2) , (3 

) n y 9 ^^^^MLxmt ZtiZ> 0 HI3 ^-fWcisv* 

T(±, ^Jx.(f, 1$^ n /n";^ O Nti 1 3 0 0 2 CW£. L t$I (1) <Dif9Q.%* 
V 1 2 1 1 1 fcjfc/f*- 7 H 2 0 1 1 t5 s , [WIO F F^S 1 3 0 0 3 K*Hd LTM ( 2 ) 
O^ft* 1 2 1 2 1 fc jt^^ y h 1 2 0 2 1 |B]0Ntfc$i 1 3 0 0 4 H#JG& LT& 
ft (3) (Djffifo* if 12 13 1 fcjt^y h 1 2 0 3 1 ri*, -e*l-P*l|f)JWLTf&ffi£*l 
So 0Ox.(£, jt!53fe^^l 2112tl211 3 j&SS&LTRSIt • aMIStLfcfc'fr 

{±, *tJ£-f 7 H 2 0 1 2 M 2 0 1 3 (±*tJS-T4|5I— ^ 5>f T > 

1201) ^mmLxsm ^tts 0 

[0 0 2 7] 

f> »C O V> T JH * it o Tl^H^i- 0 

ttJliE#2 010-3017314 
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[0 0 2 8] 

[r- mm] 

r-?v-^-mw i o o o < t i>r-?qxmu i o 5 o tmmf*-?$mB 
ioio m^. iiton > tr a- 1 1040, fltsbSE« 

[ 0 0 2 9] 

f-*JR£*Bl 0 5 Oti^cott^^T'-^A^M^'b^ f9, i^SHtS CT-B#fEH 
T(±, #lRif> RS-232C, I EEE 1 3 9 4\ USB2. 0, SCSI ttWTV 
K?>f"7\ CD K7Y7\ DVDK7^7\ a&-r- &*t#3MM ■* V -^t*JR 

[0 0 3 0] 
[0 0 3 1 ] 

r-tmmui iooii, r-t^-^-mmi o o 0KM&Ltzr-?mim\Uft, 

0 1 * f L rt: t* - * <b & £ o 

[0 0 3 2 ] 

f-n-^'-tii o o o izW-teLtz-r- rmmm&frit. ^<tif-^i$i 

flHJffll& 1 1 4 0 £ J: ra«^-^l«lf|5 1120*?)4»), CT, * 9 T > h 

«^^OJ^»«#^^-^»«IK«#^*$«i-&>i:i<>0*fll#$fll» 1 1 3 0£t£tfC 

[0 0 3 3] 

0 1 o&t*) otai^^? h^o^tij. m*<Dm.%iB^r'*4-y hmmflswrnfriz-o^ 

%m^^"ry hw-WEH, 1B*<E>ft'^ ? h <£>£HH:t£ «t a^ft* 
fc, MCIt't-C, 7^-*^MOx-*MS{§fifUMfi, ^7^7>hM^f)f-^ 

t«i»-*-*o 

[0 0 3 4] 

f-^SUgffllo^-^^SRl 1 2 OCD-M-t jfc3*SHftOfl|jj£$:ia4 fc^fc^ 
[0 0 3 5] 

r- 9 mmmnitm^mmm*. *n:, twE*««-^»- -t anna* ^ 

h^ffi-tTfci 2 0 <nimztz\ t ±%imzm&irhtztb\ l z^ m^rititm oo&wum 

^W.%m^^ / r y hOON • 0 F F-fB-tK*fj£.£-£T$IJfliPU it^T "J H201 1 & if 

^i£«SBO 1 ^VX±.(r>®mit%M2 1 , 2 2 , 2 3 &^OH^#c^£m^ffi-§-K«fc&$fc7fc 
*^fc#JE£3-£Tffl«IU jfcffiSfc*^! 2 1 1 1 fciffc LTiiif-t-a (»«t*5o 7--- * 
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mmmnitm^mmu tu n&zacry&mvjjjZtD v - ^-^mmmmm & xvu- -9-*- 
« ffl v » * c t ^-c § & o itm^ m m u <o z <d m <r> nt^ m m k o ^ x \$ mmm k $m -r 

[0 0 3 6] 

r-tmmmt^mmzife&itm^ i i i oi:LT{±, is^fi, t^t-t^-, is 

C<h75 s -e#^o ^iJx(i\ Y^S^jf? *it7 r J ^-<Dfc*km%:te. «!6 0 0 n 

mfrb 1 . 6 fi m(Dm.m\Z&^X 5 d B/km*|t^ ^ , {S^gg^ 1 0 0 2 0 

0 meffi -C * *Llf , # fSMH£ £ MM L £ 1" & r «h ^T-| & 0 

[0 0 3 7] 

^ 7 4 T y Y £tW iz K|g L £ f* - 9 SfllPJI g&T^i , ^<ti, f - * $#fJj «r*-^ 
^IfflrlJfPM 1 1 4 1 & if*3 =t ^Tfclf "t^lSP 1 1 3 1 & fc^<b ta *) , <J&^K/£ tt, * 

[0 0 3 8] 

T-*-^^fffilJ<7)f-*-^^S:{i$IJWg|5 1 14 1, 114 2, 1 1 4 3fciff±, ^S^^T 

xcnmwm mzm-fnm 9 y<omm t -mzm, & =t t>\ raft * ^<7>[f^^ < rv 9 
(r-9) osii^n^ t>(Dx&z>o ttz, <&mizfccx, r- t^mm^r- 
9^mmmMit, ??4Ty h mwfrb r- ? -9-- ^-gtw^^fc&m^^r- ? mm 

[0 0 3 9] 

r- 9 ^mm<r>itm J % i $:mUl±it^ / r •> V 1 2 0 1 1 £^£$t1SU -tL^m^f-^-^^ 
[0 0 4 0] 

hu-h) izfczxmiRLxm^2> - ttfxz ho 

[0 0 4 1 ] 

[^7^7-/ vmm] 

?y4T> Vgimt, 'Pta < t i> , SriiT-'-^IE'llfB 12114 t^/;IJr'-^S^ 

^is'itfp, m^^^t-^^^^o %mr-?mwMi*, ^(Dfrn^rv? ^^-zu 
Kf-v** K^^r^e, #§^^^:d vd K^-r 7%£<D±&mmmmwz&mzm^* 

Z>Z\t rfX § o 
[0 0 4 2] 

[0 0 4 3 ] 
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fcjtf, 9 3 *£WWK3K1*JS"C*ttLfc3fc.x>r ?f 1 10 1 OMB&}Rfi5c£II| 4 a Kfll 

tb<DWMM*m 1 1 , 012, m 1 3 , mi 4 t'^-To 

[0 0 4 4] 

0, 110, 111, ii2i ^naa l> BuiEtutfl)^; x) 121, 122, 

1 2 3 ^-OltO lffi£o&g<a*£#*S^ttK:iRJK1-* 1 oJSL±w*iftJRJiilgEft 
U>XM)&m 5 0 2 %t*Z&trmi'>XJ&f&mir 1 luie«i|3t/iMc7) loioc 

iMriEi«i»* t iWiem -sf-ft t * # * jfcjfc $ *r rau-r 4 (01 tf> U>X3 1, 3 
2, 3 3 4 if) fc, BtrlS^iRem^^-^, lWIB^KJRJillls&nWIBfiFJgw lttlRWiRfio 
fljflfl *««L fcfg&is «fc Tf <0 Jia^it j& £ * feH L T nT j£ W & 4 ® 
^co^TfUH^o'v^c^l^^X 5 0ifcli6 0ifflv^;it:J:ot, tuie#^o l flU 

<7)^ft^$ij®^^BB*fco*fift^tL;c, ii]i2 (b) tr^-rj; 7 ^mmunziitzm^itz 
wMz-ttztzmm-tz. mi 2 (a) xoKm^ft^mz mm 

-f&, itzit, mil (a) ifcliil 1 (b) iZTF-T £ t izm^rltZM1£<om&ft&~? 

mm-rz i ojtt±^«tw>X3gja3R^-i , 2, 3&irt, mm^-m^y^M^m^^^^ 

titfiizmfbtit:. Kl 6 1 tlWfSt 5 7- 6 1 tifcot, buIE#^co 

1 tl»oatS W«BI» ^co.HSMco^te ciSCT, (fulfil 1/ > Xf^^T- * UiSt L fcMjfc £ 

as 6 1 1 zmzzzt *mwLt-fz> <><&-e**o 

[ 0 0 4 5] 
[ 0 0 4 6] 

mmmm^y^mm 502 <nm--mmzmw%:tm^±t *#*j|xjits-£Tffi#H-s^ 

tfovyX^ WMWtmvyX^ ftFZUmizM^Zzttfx&Zo ^fjtiWJtoago 
®4fr^o# 4 * > X £ [HI U > X 4- jtfeJR^ItiE ft 

^■jfc mm it * m& & l k ^mji m k £ -it * fc #> &- 1± , * jt v y x 2 a m mm<o 

o 

[0 0 4 7] 

[S^l^X] 

v y x t± , mm±*mm $ *i-r n Jixm ? n ^ jt**ii*o m i^rai/-/Xf 
fflZftmxm^yXMf&mj-frh&m-rz zi&fcztitzm&K, ztLbnmmm^yt* 

^^>X(7)^t|5i«^^<^^fflv^^ t^TlSo ---e r$3fcv>xj tv^fES 
Srfflv^fe**, IHIffi^^fflv^^ it^ 0 i:t\ >XwSP& (JSLT, 

or, «^**anroBa^^KJ: *> i>&±zfttzffi£ftmx*mm-t2>m&x$>^xi>&ik 

[0 0 4 8] 

mtiE#2 010-3017314 
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tfjfc-X'f y ^O^U^X^iStR^iRmSB^-t**^^*^ T'f/N'-K^jfc Alt 

[0 0 4 9] 

m 4 His^T 8 1 , 8 2, ££^8 3) WLtf& Z t Lv* Q Ztih<DWi&m$l 

rt^tl^o Z<D X n teWimmiRMM? <i )\> 9 -mtfPrfrhta&mW.Z'x-it^y X 
(14i:i3^T4 1, 42, is J: CM 3 ) <7)M^I&> Xv< y ? 'J > £*<7)#£ 

[0 0 5 01 

JBv*& £ ttf~C$, ^olt®m<7)«^:i: LtiJ0i£lfWT<7)J:^ &*B.^£-:b-££;i=t;f & Z 
t ^-C # -5 o 
[0 0 5 1 ] 

(1) «wi§im®o fc*fu itmmma, x^mn \%mum wfii, 
o (2) do) o r^KJRSJRj t±fEratiio«jg*^tr*>wt-t-*o 

[0 0 5 2 ] 

(2) jfrRJK*jR/'ftfi*R 
[0 0 5 3] 

(3) i%umm/?t®.i\mm/&umm 

[0 0 5 4] 

(4) *iftWIR/fe«k»«l 
[0 0 5 5] 

(5) fcmmm/fflfBLwmm/fcmmm 

[0 0 5 6] 

(6) jttim*ll/ftMll/1x&«K 
[0 0 5 7] 

(7) mmmm/imwmm/ifk&mm 

[0 0 5 8] 

(8) ismmm/tt&wmm/vkmmm/&mmm 

[0 0 5 9] 

(9) fe^mx^iasJi/Tfc'^iix^MX^a^m 

[0 0 6 0] 

do) mmmm/^mmm/±mwBmyummm/ummm 
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[0 0 6 1 ] 

(id mm^m^yx/ (%m.&m/) ±§2 (1) (i o) oon-^yxw 

[0 0 6 2 ] 

(12) mmft^m\/yx/ atm.mm/) ±ie (d (i o) ^i^x^ 

[0 0 6 3] 
[0 0 6 4] 

m^yx : &f&m?Mj&<o— wzfflTjiLtzVftmmzm 1 1, a 1 2 & tnc^-r 0 hi in 

W^tSJ:^:, JRl^X^JfiaHF-l (i, 2 lisi^f^l l 0 <DX%Wlfrb 

> ^x.tf\ 5 0 l/M)RIlii^>«i 5 0 2/ftill5 0 3<7)Hin 

[0 0 6 5] 

^ta^i:, fe»v#?s^*^w>xf^^8 o on, temmmt Lx^mir^xm 

■ ffiMl3!7*7X 8 0 1UJ:a , 8 0 2, fJJM#'7X 8 0 3 j3 «fc 8 0 4 , mm^fyX 8 0 5 
HH^tL^^-t;V8 0 9 <7)fes?t*&-$7t*g|$ 8 0 8^, §Af 8 0 6 O^AP 8 0 7 *^ 
MlRJIflilitllfc^X^j&Ji £ LT^ffli-^fe*v#?S^^«L, SAP 8 0 7 ZMCtz i> 

<DXhz> 0 -t%t>*>, temmm/ftmmmmm^yx^m/fcmmmt^dmTmm 

CO & CDXfr&o 
[0 0 6 6] 

«jjxiim> m^yx^mm, izumm, mmmm, itmmm, isxvm^m^mu 

[ 0 0 6 7 ] 

m. ^xz/m^m^m^yxcounn. tGomit^mzztzztt^mmizte^^x, m 
t Lx&%a<Dmim±m, mtmmm\, -mmmm^^y^^-, ^m.mm^t^^m 

lx i> a.v^ 0 

[0 0 6 8] 

*%wxm v> <b *i& & u y xftf&m^tpcoitmmm^m ^ ^ tt& it*&w&<D#ft t l 

[0 0 6 9] 

^HB^-efflv^fL^^ix>XB^;^T-^o *fj|xi m^m^htiz ^Mumtm com* 

^®.&}\~mfZ>t£ <btf, #lx.fi\ G a A s, GaAsP, GaAlAs, In P. InS 
b, InAs, PbTe, InGaAsP, Z n S e £ t'oo^^O^m^^^B. fllB 

^o^Wfci&f (#J;Lt2\ JMtfiL &ltiP0> mt^^)^ h%t~) oomtt*-? Y 'J y 7 Xtf 

&*^frmLtzi>(D, m^t'comm^m-i *y* k-^l^c a s, case, case 

K7-f h> *'-^7f« Nd : YAG, t7r^7, Ti ^77^7, Nd I 
YLF^iT, &JR>f *y* K-7"Lf:t5Cfflit^^ B B B (v^m>-& l^-^f-^ H B B ) , 

ffiSE#2 010-3017314 
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&m,J*y («x.lf, §k4*>) *K-^Lfc-*^iVffA (LiNbOa) , Li 
B 3 0 5 > LiTa0 3 > KTiOP0 4 > KH 2 P0 4 > KNb0 3 > BaBaOzit^ 

[0 0 7 0] 
[0 0 7 1 ] 

<7)JL^#!|t Ltli, ^!lx.fi\ n-^=>B, d-/5>6G, x*v>, 7D^y^B^ 

, xf ji/Uy ^fJH/y Ki^T'/fet, *>7^'J^|, 7^n->7-^ 
fe*, t7^ny7->lfel, 3, 3' -yiWT^J^yT-Va-y'K, 3, 
3' - y x f ;i/ 1 ^ t y * il' y 7 ^ > 3 - y K ^ •> 7 - > fe I , X?-* • /*>f * U 
7K Vf 9 h V T • -7"';V- R^^h'J7'J-;M^ >3Vfe35?> t7^7 >^festt, 7 

> h 7 + y >^fe55f. u>7- h 7*;v*>^v-f ^ K^fe3H, u^r- b 9#* 

[0 0 7 2 ] 
[0 0 7 3 ] 

[0 0 7 4] 

ffc»*>J|U&fi, &JS#*3**-*->f KOJMgJI, TSmif?*. y-Vify^, **4r4Wttf 
[ 0 0 7 5 ] 

> ttBfc. ttBft. OTL i7K> tru)V*)V*ym, * ? >Xfr*>M> MJ7*tn 
[0 0 7 6] 

#-el4, tM^JtLtli, ^flcftjfcti, y*v-;K .x.?y-;K y t*o fcf*7* 
a — *, tl—~79 J —to^ 75*7*3-*, v^n^ + ^y— *, ^c>"^*7*3 — * 
«:4ro7*3-*£L xf U>^'J yxf l/'//U a-*, -fe D Vtt\i<n%r 

flfi7*a-*£, g^ixf JK ftgftn-T'f-*, i^7 5 ;K ftK^fV^n^ft^x 
*-r*^ 7-fe h * f-*if-*-5r h ^f;KV7f^t h>, -> * n^^-tf-y > 
i^^h/g, yxf ;vx-f v^*x-x*. >Kyx^7-;K xh + y 
x^y-*, T'^yx^y-JK #*lf h -*£ fc*tf>x--r*S, f h?tKn7?v 
, K 4 -v*4f-»f->, 1, 3-/^^77^, ^t'«x-r;H, v^nny*> 

miE#2 010-3017314 
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, MJy-u:-', 7*n-^*;i/A, -/7 , nt^>', ya-K>^>, ttt^^ufyitRit 
tK^S, Mi/x.>, Jpyl/^, ^ n n^>-bf o-v^nn^o-t'^, — h 

n^y-bf>, r-V-;u. a uu-r-7? V y t~ (D^mmt^M, n-^>*> 
, n-^7°*^ «> * n y & ^J^»Bi£tfbic3lf», N, N-v^ 

f)V<t;U7 5K, N, h75 K > A*t^f ^*^*'J f'J75 

3 - 2 -4 S -/V > & if om*it y^f;^Ji/*^y K& iftf) 

, T'ni^t-hVA', y<vy~- Y >j ji/i ^<7)- h 'J tf'Jv>, ^7 'jy^fc'w^t 

fl,, y-'j COT 5 *n;i/fj=gL h >J * n ))s&m. h V 7 & * nffcgL St^& 

ifco^^OftH. - Fn^>, -fflc-ftJtS^ ^^*9^4 4fW»#J*fflv»4i t7& ? T«.§ 

[0 0 7 7] 

ttS^ftSrffiffltaifc^Sio LTti, #'J (a- 

^f-;u*^>) , #';-f>7'>, *°'J (4 l >) , ^°>;if-;nfi; 

sK'J If— ;i/*;wv-;l/, *° >J tT — ;i/T -fe * - /K *° 'J kf — /I/T'f 9 - ^'Jffii 
ifx\;K ?J?'J if—^T^ = ^'J&lbtfxwK ^Vtt'fkvf— 'J r*>, -f- 
;i/x\--r;K tf — — -r *°'J tf — )K>y)l/x- f-;^ *° V if — 

h *°>J (N-tr-^*^/<V-^) , (N- tf-;i/tf n 'j K>) , * ,| J7^ 

•J /u-SM # V7^V *° 'J 7 ^ 'J # 'J T y* U n - h V >K # V * 

* * 'j frWt* ■f-^. *° v ^bi^^k *° y > * * u ^^t^f-^, *° ^ 9 1 u 

^^^^'JMy^nA + yji/, ^f'^^^'J^^ #'J>^^ , J^S!7 
5 h% ^'J^VJd^PJ ;k ^°'J7-th7 ^ft h\ ^'J^n 7 - ;K *° U J-*- V > 
^■/F, I'J 7'D^U>t + v' K> *''Jxf l/yrl/7^ U- K *"'J7f u>t^7 
*U-K Hi (kfX7xy-;V«+^i) , (yxf l/y^'J n- 

;u • fcf ;* 7 'J ;u # - >f h ) 6 - ^ f n > , 6, 6-^^n>, 1 2-t^fn>, 
6, 1 2-t^fni/, 7*^9 3 r >$^f-;K y"^^ 5 >»xfA., * , 'J'Jy> 
, ;ifij7Dij>, *°'J ( 7 -^>v;w-L-^;i/^>- h) , ^ f jv-t;vn-x, 
-t;i/n-^., ^>v;i/-b;i/n — t Kn # v xf ;Hr ;V n — x , t Kn dp- y7*n tf ;Hr 
;i/n-^, 7-tf-/Hr^n-7, -fe/l/n — * HJ 7-fcf-- K -b^n-/; h 'J7f 1/- h 

, 7)^fii m&7 * )vm.+wf) y) > iffiittt7)^ w 1 aiJtfrm+teTic 

7V9ymm, 7xy-;uf§, m«J3l, ^7^>#J38, +vly>#JJi, h;bx.>^| 
[0 0 7 8] 

^mtmmttza^m.^^x^h-7 v u -y ? Mmz^fc-f z^m, **W5^?-*v h 

ttJliE#2 010-3017314 
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ji&^i&v h -^ 9 xtmvmjj&^mvmm* ^mt u £ lk* lt 

[ 0 0 7 9 ] 

, v A*&it&% z<n&mvL**i®Mfr=f'7h'* ^ y * ^**m4 I ^ 

10 0 8 0] 
[0 0 8 1 ] 

ifc, fe**j|MBrc, jtmizmzzz^^w&gkmitkfat Lxft&zit&z. tares & 
£tt{%Mii (mm%t) tai^atw^t^ tua-feifiR/hiBfftott^s^E 

[ 0 0 8 2 ] 

] 

[0 0 8 3] 
[0 0 8 4 ] 

f&%¥&i£l'-*f-frb5&M-r&i&.&8 5 0 nm, 1 3 5 0 nm&£v>{± 1 5 5 0 nm& 

w) M^^oi^-^'-^^iS^fflv^^ii^-e^^o mx.ii. ffifc&mfrb. 405& 

v>L4 4 5 nm<7)#^= c fV^LWfe*S^^-- , f-> ^*#®jfeN d : Y A G V — *F — <T>fflL 
S 1 0 6 4 nmt2***»***fC5 3 2 nm^lfeC^U:^, 6 3 5 ^^1 

ttllE#2 010-3017314 
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6 7 0 nm«gfeMftV-f-> J3 J: tf, 7 8 0 ^v>L8 0 0 nm(OiS*^*ftU'--«f- 

nmftwLl 5 5 0 nmOjS^litRRLftv^ffc LT, Wxtf, N, N' - fcf * ( 
2, 5 jr.— ;W) -3, 4, 9, 1 U>v ? *Jl"f^V'f U' 

(N,N'-Bis(2,5-di-tert-butylphenyl)-3,4,9, 10-perylenedicarboximide) (1] > 

Hfci] 

.O R 




[ R = C(CH3) 3 ] 

^(11)2, 9, 16, 2 3-r >7-tert-7"f 9H, 31H-7^n->7-> ( 

Copper (II) 2, 9, 16, 23-tetra-tert-butyl-29H, 31H-phthalocyanine) [ 2 3 , 
[I*fc2] 

C(CH 3 ) 3 



(H 3 C) 3 C 




[2] 



C(CH 3 ), 



(H 3 C) 3 C 

1 1, 2 0, 2 9 -7- Y 9-tert--Tf-^- 2 , 3-t73'Dy7->' (Va 
nadyl 2, 11, 20, 29-tetra-tert-butyl-2, 3-naphthalocyanine) [3], 
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[it 3] 



C(CH 3 ) 3 



(H 3 C) 3 C 




C3] 



C(CH 3 ) 3 



(H3C) 3 C 



te^xm^yxMf&<vtzfr<Dytmmmm<v&m£Lrmizttm-i:'&z>o -fern m > c 

2] is Jitf .[3 ] CrF7tFD77 >i&$<7)ii«*^ h ^£11 1 6 ^#^1^ II 
Hi3 J: If- mm-CTTsi-o Ml 6 CI^LTv^^^^ Ctifb<7)fe^?£Ji9 0 0&v>L 
1 5 5 0 nmO&^i?Jlfl^i3^T& 9 8 %J^±^3tii^?r^i"o 
[0 0 8 5] 

[0 0 8 61 





am 




[nm] 


445 


532 


635 


650 


670 


780 


800 


850 


m 
[%] 




3.59 


0.10 


97.08 


97.36 


97.33 


97.67 


97.15 


98.64 


C2] 


93.64 


81 .67 


2.32 


0.78 


0.00 


97.23 


98.37 


99.63 


C3] 


52.19 


89.90 


88.72 


81.56 


73.35 


9.06 


0.12 


89.00 



[0 0 8 7] 

m i frbmz i 7 &m c 1 i «^^4 4 5 l 5 3 2 n m^famitzmxLxm 

felt [2] lir£S6 3 5 t 6 7 0 nmC^t^MMPMi: LT, ifc, 
If [3] {i*£ft7 8 0 &v^L 8 0 0 n mlzMfc-T &Jtmmm<Dttn t L X & 2> 0 

zitxmmmmizm/ox*. B^mm±i<z^i£ya- hmt tzummmt 

[0 0 8 8] 
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ICfel [2] tfctt [3] <7)2|S:#J35u ilSICfef ClK »2SBCfe* [23 
[0 0 8 9] 

mm] 

y^mm\ t^d2mmm, ttzn. [ftmm/mi'>zMj&m/3t®.wm] t^i 

[0 0 9 0] 

+ Ojfc!8MXlloRJ*»wOV>Tl±, itifjWl^^^LT, ^RJRSR^SjB-tdilHIffl 
[0 0 9 1 ] 

$Hio*«ns»fif- * seises is x mm^&xm^ btizmi<> x%m 

[ 0 0 9 2 ] 

Hf^-tC^TJi, ill^>X^^i^OjtiR«l«BI*fE*i"4<lflJ«Ijfc^Sa^*9 0%& 
[0 0 9 3] 

fli-^*oaa5p3&»TiiRfc lt i o%m±, ±Kit lt{± i o o%kr!j % <&^< 

[0 0 9 4 ] 

nttmzfccxMfcztiZo 

[0 0 9 5] 

y x^o & * go * <Dtf®- k $ -£ r , # * aw? $ ft mm <ouPt * mm l x mm -r 

&z\ti>x£& 0 

[0 0 9 6] 
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ws.i)m&& x TfWL®.<nWj&, m ts\ %m\mn x xi/ 1 tz \$&mmwk z & era** 
v y x%mm (Dun^m^m^it , m^y xftioit® t tz nmm t~ ytmuwk zmm 

[0 0 9 7 ] 
[0 0 9 8 ] 

l&l^X^Jf (7>J?£ti, ffl(/'4^oSSi:4J:4#, tt^^ - b^M^ 1 ram© 

o 

[0 0 9 9] 

M&0X7IZ, misyXl&J&mt l £ fc'fi 2tfc<D#iftJRII*:M LTfc&#;»ftJKSiBStf> 
[0100] 

[0101] 

ftiEW4*«^»*ff*J: V*<^JB^fflft^tt©»ttfl[ttj4:iK [D. Solimini :J. A 
ppl.Phys. , vol. 37, 3314(1966)] KIB*c$.*iTv>£ 0 v&ft 6 3 3 nmOjti:iift4fiJf$ 
0>©*ggfl; : 1/K] tt, tK (0. 8X10" 4 ) iH^/-^ (3. 9X10 

- 4 ) i^Tfl'a-M^K, II:, ->^n^>*> (5. 7X1 0" 4 ) , ^nn*;w 
A (5. 8 x l 0" 4 ) > ^>-t£> (6. 4 x 1 0- 4 ) , ~mtRm (7. 7 x 1 0" 4 ) £ 

[0102] 

n-y^y^>y , Jf>-4->7;7-'J>, 4' -n-^yM>y'Jf>-4 
- v7>y T-iJ >&^<7)4 ' - 7;^ ^r-> ^ '/ y 'J f y - 4 - y 7 7 7 - 'J 4' - 

x K-/^ > y 'J f> - 4 - n - 7f )V7 - 'J 4' h + y^yy , Jf>7^7 

y*^<y*?y, 4- (4' f+y^yy'jfy) 7^/t'7x-;K 4- (4' h 

+ y^yy'Jf>) S X^)V^.y% t*<D 4 ' - 7 ;V 3 + y y u f > 7 - 'J 
4' -y7;^>y'Jf^-4-n-7*f h^ry7-'J^ 4' -y7M>y'Jf>- 
4 - n - A^y;Vt^fy7- l J > * £ '<D 4 ' -v7y^>v'Jf >-4-7^3^y7- 
l ) ym, 4' -n-7KyAf*-*t + y^yy | Jf>-4-^.Ky7- l J>, p 
-*jWf#y7x-J^ n-75;^-*^n, n-A^f^- 4- (4' -ih + y 
7xy+y*;^*^;v) 7i-;H-^n^ Wx^r)H, 4-n-r^-^^ 
ISS- 4' -xK'/7x^JK 4 - n -^-f-^3cJ&#BI • 4 ' -*^H + y7x 
4 - n -^>'f-;i/^Ji.#K • 4 ' -AJfy;i-t + y7x-;i/ii^4-7;K^ 
■ 4 ' -7^3^y7x-;i/x^t^I, 4, 4' -^-n-75H*'/7'/* 
v'O-tf^, 4, 4' - v - n - y x * v 7 / + v A > -If > ^ if « 7 7 v a > -fc* > 

StSff N 4-V7/-4' - n- tyf)Hf7xxjK 4-y77-4' -n-h*fy^ 
H'7xx;u^t'04-v77-4' -7^*fl/tr7x-^iro$S, & X V s (2S, 
3 S ) -3-^f^-2-ynn^y^^ 7 ^| - 4' , 4" -*^f-^^4r">l^7i 
-;K 4' - ( 2 f-n^^f-ZU) tf7xx;i/-4-*;v,f y^. 4-A^y;i/t^y7 
xx;i/, 4' ? tf 7 x — 4 - iJ fr-ftyW • 4 - ( 2 /lO 7x- 

;w * i:^?^i§®i4^ B B H * mm -r z z t § * o 
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[0 10 3] 

#14t^fflS^p D pO|^ft, Jfi^StfffJ , (1993K P- 35] HB«t3*l-CV»*jfc 

frl. 2X10 -4 , *''J*-^-MM. 4 X 1 0"\ . 5X10" 4 

[0 10 4] 

tub & ib> «i»#HRitK x % um±g-&%mmM<vm& Kmm-tz tmmLxLtn t 

*l»fi»^KE*Lfc*^ffl»liH, fllx.!**'; W»jtJ!H»»=J:4ia 
[0 10 5] 

[0 10 6] 

/h?v^«t*ot, fro, Mi^i^ift^liL, *«JR»K©*f»«:»»ifc 
[0 10 7] 

ftflfRj: LTl#*ffl^i»^li, &f*3*Wfti&JK»IR (*«WXit*J:O f »U>X 
ill) fclWfr#!RJK»lR.fc 0 i/J^v>#fT^ot, fro, flrij^£>ct <^f-^£S 

fr-e # & 0 x_ ii\ ^JRJBI** v T - L *° U > * * 'J f- ;i/fr <b 4 * 

1^, fet^^^j:v^'y^^^'j;^f;v [ 3 0 0 K iz&tf zmteMM* 0 . 15Wm 

[0 10 8] 

fflv>s:i#?i4. &f5?P$a*S < , fro, Tir**«loifeft^«»c4J»t*3tiRJR3&«/h$ 
v>tft U, «xtf, ^7^>K [3 0 0 KH*»t&*ft**9 0 0 Wra" 1 K" 1 ] , 
t7r^7 [|W|4 6 Wm" 1 K" 1 ] , H^m^e a H [ c ft K¥?T ^ft-CR 1 0 . 4W m - 1 K" 1 
] , TSmify* [WW. 3 8 Wm" 1 K" 1 ] , ^K*'5^ [|WJ 1 . 1 0 Wm" 1 K" 1 ] £ £f£ 

[0109] 

miiE# 2010-3017314 



#H 2 0 0 4 - 0 7 4 8 7 4 : 20/ 

[0 110] 

[0111] 
[0 112] 

[0 1 13] 

[0 114] 

m*tt, 5-t;mft?fe (&mbb6 3-24329 8 

[0 115] 

mk, &<D±i,z%mz*ttz%.fr?-mzmLwz> yy?^. r ■ xn ? vmzm^z - 

[0 116] 

4 y r * -> a > • >f > v * * v a > • -=e- ;v Kfe, 7*7X71 

[0 117] 
[0 118] 

2 JS5fr&±<0*r«#3fc3**W * »« 3 « 5>tfc»^ "C#Jfi#* K fx »t Pft& ^ X * * 

mm^m^m 2 59956 9-^) *5Riffli-sit t-c§* 0 

[0 119] 
[0 12 0] 

¥4-9960 9 -5§-<2r$R) £fflv>r rfeill/Mti/i u > XfMl 

/Mum/fc&mm t^^m^m^y^^m^^-r^^t^x^^o -*%t> 

2&<D{SiiJf §1 (#?X«) -Ctt*, i§5K£T\ M-^l/miiKiot, ±|B« 
[0121] 

ffi!E#2 010-3017314 
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«fl6*#U II:, JK^ftTBBJtsft&fg-s^fcjs «t O f jW»**S*L"C«rE3tJ£«rtta 
[0122] 
[0123] 

[0124] 

CT, jteSMr^ortfflHBffitt, JMfcffjKfi, Wx-tiT, ffR, ML Rtt 

#u ^fis«c, Eg^tt^, h^siju fli^xflu cai^xjju 4^«t^t,atiiRt 

-6 i 7&*T £ * o 

[0125] 

;i/co#^^ «t WRJi, TSK&Sft i> W&tHi&Mo f, O^^ffl-T & 

[0 12 6] 

to 

[0 12 7] 

(2) LT^ffitt-C*S£ to 

[0128] 

o 

[0 12 9] 
[0 13 0] 

[0131] 
[0132] 

^ftM-efflv^itaiioOjtw*, -t &:ftu>x. ^ix>X, tsss^Sia 
[0133] 

[0134] 

mtiE# 2010-3017314 
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[0135] 

£30 1 ia^tri5tt'6 3t*ft^i5«tO f &M3 0 (XDffiT-Zm 1 7t-^i"o £-IT% ?£K A co 
jf?X \£-&<D%&2 w ri^'M^ & 3 0 1 £ ("tf-A^j^hJ b>Oo WT, tf 
-At/j-x MS* 2 w oW &coti~&o ft^le]f/H1UBco££>, 2 wott-enrctifcfc 

f\ ^"PlOfg^#0 0 Vf-A^gu^ two tf- ACOlf-A^fB 

^x^^^-^l^iLt, xif.^-#l/e 2 (e lig^Jtifccoj^) 
[0136] 

[0 13 7] 

(» 1 ) 

n • 6 • wo =N= A ""[4] 

[0 13 8] 

■en* S *ut e - a * .x* h g « 0 * tm-r * i t § * o 

[0 13 9] 

HK-flfciftK, ^MP^gafcJitfgliP&NAOfcftl^X-c, tf - <u coW 

CI t ?5 S T* § & o 
[0 14 0] 

(»2) 

2 coo = k • A/NA - [5] 

[0141] 
[0 14 2] 

fcft u > x k AMI" h tr - a ^g «, t p > x <nmii m p a co it *g £ x. t , & 

mmmitntfi 3 )*.. cs) co#^kco^(i^T60«t^^*i^ o 

[0 14 3] 

(*3) 



a / a> = 


1 


COt § 


k 


= 0 . 


9 2 


a / to = 


2 


cOt § 


k 


= 1 . 


3 


a / w = 


3 


COt § 


k 


= 1 . 


9 


a X co 


4 


cot § 


k 


= 3 





[0 14 4] 

-A 1 )^^ hg«o < &£o 

[0 14 5] 

0!lxJ£\ ijfcl'VXt LT^PiicO. 2 5, Wnfi«!)5mmWl/>XS:Iv\ jft 
S7 8 0 nmOffjtiJR^Lfcfcl, ^feftl' >XKA#t1" 2> tf- Ai£go 5 mm-C& 
*Uf a/wfi£) 1 "C\ If- A * x* h co4M£ w ol± 1 . 4 ^ iru a, t!> s 1 . 2 5 mmt^tL 

thtE#2 0 1 0 - 3 0 1 7 3 1 4 
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(4 a/a>(4&>4T-wo(44. 7 ^ m tff|f£ *l& 0 ffi&K LTM 6 3 3 n m<7)^IJ^7fc^ 
J|3BlCL£i:£, k* - A^g w ^ 5 mmT"*tLif a / « 1 T\ k: - A x.* h w 
o 14 1 . 2//m, wrtU. 2 5 mm-e&filf a / w lift 4 T wo (4 3 . 8 ^ m <hft^£ 

O 

[0146J 

&;b*> kf-A ^jcx h ^iJtt* jt^-Aw»f®iflt**/hni-4^ti, MJtisyX^XM-? 

&ftkf-A<7)5£Jg5WM s ¥M?&t::iS< lf-Ajfc&4:t£* (e-Ax^X;r/K 
[0147] 

l^>X«i*4:^r«jH3pJffl"r4^:i6^J±, kf-A-^x.;*. hjtttfOft^ftKjPfcfcfcv^ifcK: 

*jtt*ffiris^jtwtr-AWfffi«^ tf-A^^x hK^»t&«riB«i»*wif-A»fiB« 

^li^^io »:WE«-^3t^4 0 f ffiriBIHJ»3feOtr-ABfMO^«i3 4a f ^:* ZZ^ti** 
tiWL'm.-t&Z tmi i Lv^ 0 fg-Sf-ft^OWUfti & kf- A *m^2>Wi&X-$>ti 

(4> ja±wttW*4 0tHi[S:nLfc*«oT, *3fci^x&^<aiR^#^iDUKi-£iifrw¥ 

^fkf-AiO^T-, iSClSDt, 4 ViHIWifcOtf-AiaS*, <J&^KJ£DTkf 

-Ai^^/OKtS4i , LT, Mfflfi-Si ttc4oT, tf- A ■i/x.x h ittttO*^** 
7i s Sti^v^ijttc^tt^Btjfam^-^c:^^-A©fMlt^\ kf-A^x.* b is it S ttTKIWfll 
Ht<D\£- ABffMff £;§X-&^ 4 o IzirZZttfX^Zo ffim<D£ 9 Clf-AxW^ K 

* i t5 s T- & & o 
[0 14 8] 

^ffif, -t%io%, M&*m&X~&M£MffiZ c^)EW»c^v*Ttt, tf - A (415 (J 

#fcjftE*Z c (4, RiW*. kf- A *x.x h#.@wo*34 

[0149] 

(14) 

Zc = i wo 2 / A ••• C 6 ] 

[0 15 0] 

A [6] (Dcoo^ [5] £ftA1"&£> ^ (7] tffthtl&o 
[0151] 

(&5) 

Z c = 7T ( k/NA) 2 A/4 - C7] 

[0 15 2] 

mx.l£. **l/>XHtiP|[0. 2 5, fiin^5mmi?)l/>X^v\ & 

tL(f a/w(4^j 1 t\ kf-A -^x.^ h(7)#@ ^0(4 1 . 4//m, *ij*tffiiZ cli8. 3 
yum, wt&M. 2 5mm"C*^t4a/«ti#?j4-Ccuof±4. 7 ju m, &M&fB.M Z c (4 8 
8 M mttfMZti&o 3 3 nm<DftmitZ>VlMLtzt kf-A^ w 

^5mrat^tLlfa/a;li^l-e, kf-A ?x.j* h<£>3MIcoo{4 1 . 2 ^ nu &M£Mffi 
Zc(46. 7//m, w^'l. 2 5mmt*WX a / o> (4^J 4 T w o 14 3 . 8 // nu #ft/3C 

sg^tz c (4 7 1 // mtmnztiZo 

[0153] 

[*iRJR»JR<0*ail*] 

mtiE#2 010-3017314 
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*L ±IE<0<fc dfcLTtW3ft*#fcj£KJiZ c <D 2 ^^«i)XilM^MJ»^-t 

[0154] 

[0155] 

ifBlfcfflv^ #9* (f£&*lg|. IHl 5 0^m) /#'J * httJIl 
//7ft7^Dy7->IfI OfcKJRlgS, MHO. 2^m) /# 'J * - - h 

o. 2//m) h»hbji («m) (&mmm* mmi 50^ 

) fcv^fl|jfiO«H>>X^jjE3R^*ftjSLfc»^, Hfill^If l»i L<(i5 nm^ 
<b 5 // m-C* 0 , MKftt L < f± 5 0 n m^<b 5 0 0 n mt^^o 
[0156] 

i^ii, LT»nr<z>**y «ia»Bi*5«tw f ^u>x 

&&m<nttnt LT#'J*-^- K jfcRJRlRfc LT7 , 7ft7^n->7->OltI 
4rfflv», #7^ (femSKE. «IJ?1 5 0^m) HtfM /7 s 

7ft7^D->7->IfI (tftfftJDUSS, 110. 2^m) H&fl&« ( 

muyXl&j&m* If2 0^m) /77ft7^n->7->IfI OfoEJRBI, MJ* 0 . 
2^m) Af'M-^-ffli (UUM) /if?* (mBMm. If 1 50^) t 

^ rru L < J± 1 0 0 f, rat^So fc«UiilOJBIff^±IRfcov>Ttt:£JS«r 

(o-kZZ&ZTf/zt: «as*> <b cDfjfij^ « & v***, ffl ib *i* *7fc i" y Xis «£ crs^s !✓ y 

[0 15 7] 

m.*MBMirz>tztb<7>i&mm*m 1 1 > 11112, @i 3, ^«tt>% @i 4 k^-*- 0 ^*L<b<o 

HCfiv»r, y X&i8ufk=f- \ it RSiil5 0 1 /^JDmKfcJRl'^Xj&jjSJi 5 0 
2/f5^ilM5 0 3j v* *fc-*-* 0 ttz. ItmXt LXm^btiZ V- 

[0 15 8] 

mi lcftj:^;, 3 >j ^ - h $tLfcspfr*^-A 1 1 o (m^ttznmm±) & 
%k±vyX3 1 izx^xu^tirm^yx^m^-i <o^tmmmmm^ y ^mm.m 5 

0 2 HfiSltSiifc*^, ¥fr3fckT- A not LTiRm • l!P.#t$*L^:l!flJ«ljtttjtiRJRill0l 

fci^itt -2>^^>x^®oiajs^±#, mm&L. rnvrmmri-Zo ±§e<o<m 
k tr - a »r ® <«a&j£5HJ a* # •> ^ ^ t * o 7t * sast -r * t , *5fiK o ai ^ 55- 

mtiE# 2010-3017314 
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JEKJBBBm£lR£;fc*afcK J: «9«lU^X®j*»*r^tr3tiftJ|X»ffltO®«f 

tt$*u itiRJR^iRJlCjt^jitf^lfilU^MtwjBi #En^ritS ftfcft u >Xk «fc o T 
-2, «t -5 <n>wvyX\zxz> iotiil^^o 

[0159] 

*b ^ffiit-tSJ: 7 KlBjBtKBBft-f HI 2 (a) fc^-fr J: ? izMWltK £ 

«JX*tffit=iftv»ttfl|^jS$^fc«H/>X5 OCi <9, M^fiBfM^'J > Steffi:** 4 
i 9 ^i£»$*LfctfiStfl|-'g'3t2 0 1 i: LTi§1!?offl#tfg-tjfc2 0 0 J: »j i> jz i v>0B § 
-emiti-^o I^W^Xf^^l 5rffi#tL^mi^f^2 0 1 £ 7tt± 2 0 0fc&5 0 cm 

-etL-TtLEI 1 8 (a) is J: 0*0 18 (b) tc^1- 0 01 8 (b) H^i" «fc 7 tc& U >X^ 

i e> di#onj§ft-cm# L?t 11-^^:2 oo^mmu, tufe^ * v - y±.xwM d 

2 «t|)^o itLHat, fl|-^jfct«HI»jfc«:iiU>X^ia3IE^-l <DfflRW*mn*> 

f*2 0 lOBfMfi, II 8 (a) iZ^-T <£ d Md3^Md 4 W'J LTi 
IfiX? U - >ic^#t$^* 0 Ell 8 Kisv^rclBfc^fc £ -5 K", ^gd3^rtgd4tt, t 

[0 16 0] 

mil (b) iz^x 7 tzmi'>xmj&m^nytmmm<nm%mK&^&w.6 
iz&\,*xm&i:tt&xofcmi%Kmftt'*&£. mi 2 (b) iz^-rx n \,zmmtKx 19m 

*i Hi L-cmst-rso mis y xfc&M 1 ?- \ z&mLtz&ttm^i/ti 1 9 ^iufe^iHK 
y -^Kttttu WffifrbmzLtzm^Jt^-AWrmco^mzm 1 8 (c) k^i- 0 
m^±tumt^^y xr^m^ 1 o^M©n^m#tffi^iav^ifi6 k*jv*t«u5* 
is^«t 3 \zmm~m%t\^tz}L %mm±^x ^ mitm^sw^«/&£ti£^>x6 0 

\zx VWMZtitzZZ mMi-^ffi^l 1 9<9®fffif±> mi 8 (c) i:*ti^:, M 
do<DFlMt LXMiix? V->K$:#j-£*L£o B18i:M»TiSe)*»ftJ:?i:, Jl-gdo 

[0161] 

mil (a) HXX/mi 1 (b) Ov>fii©*^<), ffiJfP3fc£)»L£v>.h, mi 2 ( 
a) $3 XV® 12 (b) IC.ir^-C^i-J: n \zm j *rit\*$kV y X *> 0 ifc{±6 0<D%Wi£: 

[0162] 

tfc, *^>X^*w^tSfc^>X®jSfj|^-OjtKJ|JUiJKKi5»t4 t*-A->i^ h ( 

m 1 4 lizumim-r^m^^x , $ti/^X4 1 obbp&o. 5 5, «*w>X3 1 w 

^□^:0. 2 5 t L, ^#5 7-6 lOft^^^mi 9t:ttf ^^tiT^^JSMI 
0 0 £f£MU ^l^>Xf^*^- 1 £jfi§ L fcfg-^3fc tT- A <O^T «r$^fc U >X 4 
1 TSftU ¥fir«t LTtr|E3fe5fiK^iMSE«f<0$jfc«R7 0 1 (&%b&'&2 0mm) 

tb|iE#2 010-30 1 7314 
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d2 2ic^-r 0 It&Mftftmfc&it, mi 9 iz?jk-f±7 iz, f^7 0 l 

(%%)m%2 0 mm) ^^LTipI 1 mm<D%,—<r>7, 'J 7 h 7 0 2 £t£&t> fg— 'J y h 
W^^^Ib]. *,H 1 9 H&WT * 7 1 0 7 2 0 Offi]# tc, H 2 5 // m(O^Zl 

'J 7 h 7 0 3 £ — 5Ei$Jg-C#l&£-£T, 2*fc<*>* 'J ? b 1 mmX 25// m<7)g 

K*.o»ttia«»-WJc&$*Tjtsft««:iffljEi"4*-tt, m~<vxv ? v i o 3 cos 

INSftK:H*IS-£fc* b P-ytyn^n-yic, lWES^»aLrt:3fcfc5£#Lfctfttfi 
#?cDtB^^I£il1-tL(fa.v^ 0 H 2 0 ~H 2 2 J±, &_tco«fc 5 Lt, * Y V - V * 7, 

|4 Ofckf- A»f®l*l£Mafi) ii §:3fcSB 7 0 1 <7)c^|\£ 0 t LT, HI 1 9 <D& 7 1 0 
I&K *7 2 0 *jE#fafcffilK*£*T£Lfctfc1tK#JSU «WUi*5ftJft 
[0163] 

120«, II 1 (a) 33«fc(>*IH 1 3 (a) £**Ud U & U > X^fifc JUT- 1 K§IJ 

6 1 7-6 1^113 (a) <0J: 9 KSfcilS *i-CV>& flTS-fttr-A 1 

1 1 <D-£XtfKW< y-<D-K l 6 1 ZmM-f2>Z\ttfX£Z> 0 Z\Z\X. TO it t LXM± 

u>x3 1 (m&mmfi) ^ASt-r^m^otr-Aitg^di. s*u>X4 1 (M* 

Eft f 2) £*L£«-5§-3fcif-A l 1 1 <n\£-2»^M* d 2 

(86) 

f 1 : f 2 = di : d2 — [8] 

10 16 4] 

(» 7 ) 

d 2 = ( f 2/ f 1) x di - [9] 

[0 16 5] 

tf^o 5*1 6 1 SrffijB-rSfg-tftOBfffiteRflrcfcSo Lfcj&*oT, 5* 1 6 1 <75 

^liSSDi, gSD2<7>fl&R-e*&!&Mrt**»K DitD 2 li^ [10] £>IS#K* 

[0 16 6] 

D 2 = Di X^T2 — [10] 

[0 16 7] 

;:t, 9-6 1 omvm-K 1 6 1 oigDiii, ^ [9] a^**^*^ 
*tr-Ai 1 1 wtr-Aa@d2 «t 0 t^^tttLtf^v» 0 fc/;L, Di^^-rr^ fcftljftl 
Jt^Iliti: i o T W ^i:te^$ iifcit i IS L t L i ^ a 1-*fr*>, Di 
c0SiSfi(± dzO 1 . 0 1ft4v>Ul. 2feX$>*)^ i^HKiil. 02f^v>Ll 

1 fp "C 3b & o 

[0 16 8] 

Hi 2 1 f±> HI 1 (a) , B12 (a) itfEl 1 3 K^c-fJ:? ftjt^Eltw*^^** 
15 mm) Xh^tZo 

mSE#2 010-3017314 
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[0169] 

12 2li, HI 1 (b) „ HI 2 (b) is X V s II 4 IZjjk-f X n &;)fc^B£ffitf>i|r£K*f 

Si «t t^iSfc u > XMfi 1 1 t MM 6 t oiaeiW^ iztftft-tz a«, WJ»ft#!?FJtii#©» 
[0 17 0] 

^#5 ^-(DK 1 6 1 4 o 7- 6 1 (i3 <t 6 2 , 6 3 )0/^1 

6 1 <7>*£ $**«ii'ft§tLTV^ t, 7tft5 7-6 1 CJ:oTM$ii^if7t^fi± 
•tfnfc-f* italic L^L^75 ? fb> 7-61 <7)^ 1 6 1 (7)*§; £ £SMltL 

Tt, IWWftfclSUttLfcv**^, 114 (a) fc^iMS"** 1 1 l^tiW^l 6 1 
5r«tL#-t^l 1 8 t LTii^LTL^ 7 h - 7 ^H^i"^ £ t Itffilf &v> 0 
[0171] 

Ciot, iOJ:dJfl:ai*Lfir-^3t*<m±-lfnn-t-&ii:**-c§* 0 -f 16tc^c 
ti 0 fc, ftffi-^E&l 1 1 0*f»Ui*tLfcfi^*l 1 0*3'J^-bU>X3 0£fflv>T 

or, «^*e-AWffi©#at*#**ria 1 8 (a) is i era 2 1 nffia-f & «t a 4 0 > 

U>X3 1t:tIifil6 (114 (a) ) *iat £ <t 5 fcJDUIt !✓ >X^/&ff^- 

(±12 1 nffl^-t* j: ^ ^^aau5-T?sfi< , f^«^* i <m±-tf n«o rv>^j ta* 

^#5 7-6 1^tL/;i^ ZfDK 1 6 1 taai" 4 P'Sr^i, 
114 (b) Oid ^iW»**JHatL-CiSftU>X6 0 *ji«W^lSS*fc»^tw(i 

> M**if-AWfffio3t5ftjK^*tt«v*vf-A«ojRmii:ji«#*i 1 9 t 7 

- 6 1 <D-fc 1 6 1 fcilii Lt^ < o 
[0 17 2] 

ULt, it#*t, 1 1 3 OSfe^BUfcfcv^T, W»3fcJB#0*fcK:*t(S Lt, 
RB#©»£-) t@2 0<7)*^xM (flWJ1«#K H .?Jt <£>*§£•) OH-C««9#x<btL, itL* 

[0 17 3] 

— 1 1 4 £ i -? fcjfe^EUfciJV^T, ffiJfPTfcis «fc ^S^o^ ,6rt s l& u > 

£ 'J > rmz-fZ> Z tCiot, W»#*BHI*«> t § . im^rit^^m^^h 9 0 j£ 

i t rt ? T* § £ o 
[0174] 

&l^XA*bfc<£>*:)fcW/X (3 14^) , mi^>X^^ (lit*) , il/>Xffl 
ttftO^W^X (4 lit*) , ^ftiiiRilii^ (8 lit) is «fc £>^ft ^ 7 - 

(6 lit) ^i£^S&£)#$S« (9 lit) £2o&±, £Wtt^#3S"ea'.ttS-£'C 

[0 17 5] 

ffitiE#2 010-3017314 
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(i) tamm^-^m^^m^nrnx <o ^^^fixmnr^m^mmtz^^m.^^ 

[0176] 
[0 17 7] 

^tg^« § tit: i i & tbftl&U * m v» 4 

[0178] 

Sfg^^iLt, iaB03t»«#««**«y»jfcfc«-g-3ti:«:, Hi 1 (a 

(# w ir ) & i ^ t~ iwm# n ssist l x , mm-r % m-^it&m v y xmzk ciot, a 
m%tm^%t^, mil cm tc^-r «t ? tzmuyxfrnm^i <mtw.ummfrb<nm 
■th miatr- awt®'; y^it^y^m-3 2 1 £Ev>a «i 1 4 < % %im&< > 2 o 

[0179] 

»RjRfcR*tll*tt»tfc < rtM, 7J"7^®lc{iR|^75 ? i5:%*oT#-^7c:<7)^^^ 

JBR£R<b1*, fflv»aiW»#*5 Kit* *lWT&< > fM*-Cfc£ 

[0 18 0] 

[u#ffl53**9S3 : U BUfrffljfcaUg] 

[0181] 

<z\tn, mmftmm r#: u a^ifiijfeiSflir*4o 

[0182] 

B#P^^iiJcoF^RS, jt^yhOf-^f, it*4 -yfOON/O F FffcgilK, i3«£^ 
Wf-^lWJEti^ttt*^^ yf- 69 ON/0 F F ffc^Kl^ra 

, Kfrzr-tMiZmmnifeKtyjTy vmummztiZo 

tHIE#2 010-3017314 
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[0 18 3] 

fg-e*^7t:a6, 0!lx.fi\ 8 7 v 4 T V h \zM LX , ^ 1#HC 1 2 4 ? 'J#f o, 

TOt«pn«'*iLTittti-*ifc* f -c#«o U:A ? ot, T'-^-y— jtfli-^si 

ttffil 1 2 0OggSii££j&*l 0Gb p s-C*tL(f, *0tt^^O«P^«:^*, Jt>**r v b 
Wf-?i^l. 2 4Gtfyb (15 5MB) £ 1" & CI t t5*T § & o - *U±iffl3R& 2 2 7 
2 X 1 7 0 4 T-lIt(:o^t^*7-M3 2 fcf y b Wi^ffllffl^lh* 5 -MffeWUtSfe £ 

* n^fs^iifto iooo mmm^^ «t -2. a#3 *<kjtw&* 1 8 ^p/t^bbis 
-tz>z.t i>oSi&x~ibz> 0 ttz, r'j^ ^9 3y(Dij^-mmmM^j±m^mir^z 

0 G b p s hi-* £ ht\ Ml: 4^or'-^**ee#i-* i t i>-e&z 0 
[0 18 4] 

fcfc, * 7 4 TV h&*>±ffit±, ^^7fo#Mi:i5it^^sCJ:o-Cl 
/^-WfE^ln^.^ cfc&rt*. 1 6 ^v^L3 2 9 7 4 TV b £ "CfUffl n]" fig "Cab 

&<> 3 2 ^5^7> it'*'*? vvy^mmmimi* (1000/32-1=) 30 

.255 «; 1 1 2 0*>ggpi$&* 4 0 G b p s 

fWf-^Ii: LT 1 . 2 1 G tfy b tltfttiifc^li, 
[0185] 

jfcffi-^smsp 1120 it"oi^fts& 1 4 0 0 <vr- ?mm&mDsii. ?74tv y 
mmm<om^m^ 1 4 0 1 %t*<D7'-?&m&%.Dct, ? 7 4tv b^ao^&^Nc 

t-t&t, sen) oBWfcfc**i«r&v» 0 

[0 18 6] 

(»9) 

Ds ^ Dc X Nc —[11] 

[0187] 

fCDs^lOGbpsT\ * T> bS£firi*4&"C* «K 7 7 4 T V h mm.M<0± 

m*§r&mmi 1 3 i^ti:t$iL^^7 boif^£m^fr^«&L*:iL -B#ie 

0 1 fcfcvaf-^IEaiaLKDcWt 2 . 5 G b p s &±X$>tU£&^ 0 tztzL, 774TV 

hmmm(D±m^mui 131. 1132, 113 3^^o^f-^^tiiS{±Dstiwi 

Ttt, 7 74 TV hmWtf 2 &J2Ltab*Jir£\ * 7 4 T V b ^iflol^ f^Of- ? 

[0 18 8] 
[0 18 9] 

immm 1 ] 

EI 4 a KJi, 1 o»J^^7b^#Mx-^Sem^M^i3tt*7c;^p D p^*^^ 

[0 19 0] 

mm<&2 010-3017314 
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1 2 0 <D-Uft. it* A y 1 10 1 <D&m. & «t tT, 1110, 1111, 1 

112, ill 3 dm^ztix^&o 

[01911 

0404 ir*<w»"t-* +*»jr&s««tf>tt«UBifc» 3ghz, mmr- ?$mu 1 o 1 

0 t LTib^i->2)^#^^U -*^-<£>#fi2 GB, & X V\ ^- Kf-f * * 
I8 0 0 GB<7)^^1 T^fflW~ 0 

[0192] 

4 1 4 4T fcWJUl 1" * ***JI»a(Rfll^ttf^SS[»: 2 . 8GHz, §ff-? Elf t$ 1 2 

1 1 1 Lrmft-t-z^fc** 1 ) -wtt i gb, ^- Kf-f faunae* 

2 5 0 GBO^J4^v>t 0 
[0193J 

fliffii i4o, jtm^mmui 1 2 0 1 1 30*^^1 1 

mm®wztih<Dm?m$&t lx liftw.^ z zitimnr- ? mm&m 1 0 g 
b P s (nit y ^y'y-^-mwnmm^t^muzmm Lxm^tz a ztibomnt lx 

[01941 

as 1 141, ii42, 1 1 4 3 & t\ itm-^mmu 11214 t^mmn^m^, itm 
ttm&i 131, 1131, 113 3 zt^^ytrnj-te xTfrnrnm^mffi, &£u<\ z. 

[01951 

?I t * h 9 > v - / * - « (7) « £ II ^ ^ 1> X ffl V >fc 0 
[0 19 61 

f _^_ y <-gt t x-^sm^^is^m^i^ Hoot Lxitr-?&m&m 

1 0 G b p s <DM$KmmM&lzmmLtzi><DZ, mmi 0 G b p st^>y-A-«l 

4is<D? 74 ry vmwxm$ftmLxmm-fz>tzib, r-?mmut? ?j yy y 

mW^^^M^^ 1 4 0 1 , 1 4 0 2, 1 4 0 3 &ffcLtl±, 
ffllJ^r'-^ifcilM 1 0 G b p s *mUirZ>-SL^$fj: < , £0*§£\ 10/4 = 2. 5G 

bps -c^-c& £ o -e- ^ -c\ mmm& 3 g b p s m^mmMfetzmm Ltzi><D%, tuia 

1 OGbp s t£ f- 7 yis-^-(Dm%is-%X!iit)Utm.fr&fritxm^?Zo 
[0 19 71 

itm^mt u 1120 £m/&i-&^3i$p D nMStt 1 mm^t/titm 2 0 1. m^it 

1 2 0tliII#14^, 3o^Svm^gOM4-2)^J^^?iI2 1, 2 2, 2 3 h i 
-f-Tfcl 2 0 t 3-o(Dmm±l 2 1 , 1 2 2, 1 2 3 <7)^rTC0^^M^T[W|«iT-|wJ^(o]tc 
fiIH4/;fe(0^On^^57- 5 1, 5 2, 5 3 t, ^jt 1 2 0 t 3 
^1 2 1, 1 2 2, 1 2 3 *77>fA-l 1 1 O^AltStifcfeWft*!^ 

>X 1 Oti^o 
[01981 

m^itl 2 O&XTfZ-zxDmmitl 2 \ , 1 2 2, 1 2 3 *^*>*"CeSt4*^K 
1 1 1 0 t LTlif- K<7)S1**7X^7 r (SMOm) *fflv>fe 0 

HiiiE#2 010-3017314 



mm 2004-074874 ^- V : 31/ 

[0199] 

^^WJl^^^-T jt7r>f/<- 1 1 1 0 ^sbtB 111 - -Mt-tTfc 1 2 0 4340*3 

mWMit 1 2 1 , 12 2, l 2 3*^Kfi«H:¥fftr-Af:It^:*«3'j>-H/>X 
30i> riU^XAW^ijfcU^X (3 1, 3 2, 3 3) , il'^XM*? (1, 
2, 3) , &U>Xffi*bfco$jtel^>X (4 1 , 4 2, 4 3 ) , J K 9 - 

(81, 82, 83) 4s 4 O^tt 5 7- (6 1, 62, 6 3 ) J 4> <b & & 7fcS&$J##1f 9 
1, 9 2, 9 3 * 3aiftyiJt:ilttLfe#^'*«l*Lfc<>0-C*)4o *tt«J#«*9 liJJ: 

^9 2 ^eaiiti-^iSjiffi-t^i 1 1 434^ 1 1 2 14, ^p^^^^^-^tL-c, ^f&igw 

7fcS&i2JlMt« 9 2 is 4 V 9 3 <DfSk U > X\%t±mit U> X 3 2 & £ IF 3 3 -^AWL, 3 Wt. 

®<n%nv)m%m$ 3^hm^z>m.mm^\ 1 3i«i«»i*i/^X4 o 

li:J:ot*jfe$n, EHIiHItflrS-jtefc LTjtfll-^K 1 1 1 4^XM-f2>o ttz^ 
fif9 1, 9 2, 9 3 ^ib7fc£&75 s ^#ibtL-Ctai1-r^fI^-7fc2 1 1 , 2 12, 2 13 14 
, ^*Mfi«aiitif*itI/>X7 1, 7 2, 7 3 K4 oT^ftSfU t!£S&^# 

motawffi-f-^t Lx±m^i ill, 1112, ill 3^Aiti-^.o 

[0 2 0 0] 

ffi*t«©3fc«-£'l& 1111, 1112, 1113, 1 1 1 14i L-r, 

GIl7 , 7^f77*7r^/>-^^, J: W-^jtojtii^s/feSia* 

[0 2 0 1 ] 

±mj)mwm<v-Mmm±, iL\<^zfcm<nm%zm^±ftm<Dmzim-fZo £*fu it 
o #u x. (4\ it&wmmM lmrntz*) <Dmmm& 8 5%. («-^aus ttro. i d b 

-C£*U4\ 4M3?!liitt«)»'&'Oi»#ajft^SI4 5 2. 2 % (|WJ2. 8dB«t) htz^o 
[ 0 2 0 2 ] 

&T\ H4 a KgH-3M^J«JS*«KL"T\ 8$M£»MI§ ■*--&„ £43, [!4af343t7£ 
*jfcU'/X3 li5J:a f JftW>X^jK3R^-loaj^S:tjt*ffiLfcWfl'BI«:|g 1 1 43 4 0*1! 1 
2 HKgftP > X 4 1 43 4 O^tt 5 5-614 t^jfjpA^fP^H^Il 1 3 43 4 0*111 1 
4i:^to ifc, 7t^#^««r31@m±^lt^^M<7)«^lll3& ? «*l^4*- fc*»»t* 
H4 a H^-T4 ? KjfeHH0#«#9 1 , 9 2, 9 3 *^^1^$*^^ 

mmm*m4 b<DX^ iz—m^it^titzumm^m-cm^^fi^o nu a tsu b (4^ 

IS^&^4^^{4|Wl-F , 3#^^EH&1*^;|ll-C*^i fcifrfc, £1T, H4 a t04 b £E 
[0 2 0 3] 

[0 2 0 4 ] 

443, 14 a, H5, 0 6, 0 9 , 43 4 0*11 1 1 fcv>LI2 1 4 K43V>T, SfcUi'Xj&jS 

*^ i * nsa&SK 5 o i /ftmmmmm 502 /^aung 5 0 3 j t v> 

[0 2 0 5] 

*HJ&fll 1 "C(4, «kW>X3g^3R^-l, 24340*3 t LT, #^BU^O-fe^ [ 1 ] , [ 

2] 4340 s - C3] (omi&zftmLfz&mmfcftm&m^yXMj&mTs o o uais) t 
■jf >*fflv»fc 0 jt^-t/w8 o 9 itm^yxjfmm^- 1 , 24340*3 k wcra-^#to*> 

tbfE#2 010-3017314 
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Otfliv*, ^ofeiHMTtM 8 0 8<7)J?£, 1"&;b*>, AW • ffifcfffi*"?* 8 0 1 fc 8 
0 2 ^rt«|5Ui3tt*raR8li^!lx.Jir2 0 0 ^ mi: L£ 0 jfc^-fc^8 0 9 <o\M • &%$Mify 
7,8 0 1 t 8 0 2 ^Ii:iiAR3 - h&*fcL£ 0 ifc, 0 9 WiAP 8 0 7 

2 L 2 M% OK -e8!BiS U fe* (1) > C23 *3«tt^ C3D i:-3V>T, 5 3 2 
nnu 6 7 0 0 0 nmOiil^O. O^^LO. 2%, if*8 5 0 nm 

Oit^W8 5^^19 9 %Ci4J:9iiL^o 
[ 0 2 0 6 ] 

*HJ&#U 1 "Ctt, 1110 frh<DX$tm-%3t 1 10^3>j^-M/>X30t 

tf- A#@5 . 0 mmtf> X ? IZ LTv»4 e 

[0 2 0 7] 

1 "CWt, 1 2 0W,2 0 LT, 1 0 G b p s "C-f- *£tf§oTiig&f§ 

*g?£S8 5 0 nmOlMS^$#l'-f-i-ffl^^ h y y*s-^-m% 
&o *iRS[ftl 3 5 0 nm, 1550 n mOjgiii ii^p ^f£&#2»# U - -f-jtSrffl V*T 

jtOT$fi«»w*^TS[ftgUHSe$tL4 0 1 "C{±, this y XMtfltt 1 , 2 is 

J: 0*3 K^&l^Xfc^jSS^&fci&OftlJffilftl 2 1, 122^5^^123 £88**"*-* 
<W»**«2 1 , 22*J:O f 23fc Lt, 3 2 nm^Wi^N d : 

YAG V-*f-<D 2%.&m$L> 6 7 0 nmi3J:t/8 0 0 nm^ffrlz-f-^fflw, fflj 
»3fc*>»r«:fcJ: ^xm^-itimt<Dm*ft otv^ 0 ffiljftljfcl 2 1, 1 2 2isJ:U f l 2 3 

o •Wjfc3feW<&l'-if— -'-cy-fi, **^X3 1, 3 2ifcJ±3 3 <7>v>-f ti?)^ T«rK£ 
v^^)2^v^Ll 0 mWt LTV^o 
[0 2 0 8] 

fiJfM 12 1, 1 2 2 is «fc 1/ 1 2 3 , is <fc tf\ ft^-^t 110, 1 1 l^itfl 1 2t* 
I«U>X3 1, 3 2i3iO f 3 3t?45-^JRm^-frT«tU^X^jsK3R^- 1 , 2 is it/ 3 

mmjt^yj ^^7^7-51, 5 2isit>*5 3 £fflv>-ciw}— ft-s^t 

-i,^* hfiM^i3tt^>«JRm:oT^?^7t^l^^X^?r, *WS.<#-^fce> 
[0 2 0 9] 

^Hi&^l-Cti, SH/'/XM^l, 2 isJ:tf3<^MJfMrtoAOT;£#K'fi-S!- 
jfcis J:tflN®jfcolf-A*i;* h^@£ffi£tL& i^i*I/^X3 1 , 3 2 i3 £0*3 3 tWk 

jfcl 1 1, 1 HiJi^l 13 fcLrmitL, (WttjfoWSttSfifc*^^ 

ct^IS^L/Co - -"C> misyXJ&fRttl, 2is«£t>*3 Sr^fcl^X 
4 1, 4 2 iJJ:tf4 3 'J ^ - f Ltc^„ :«U>XwlPt 

T\ TNAJ tOf^o ) tt, *5tl^>X<7)N A«t r>&A£<&*«fc ^^Ltv^o 
iiltli, i;fel/>XwNAii0. 2 5, $*l/>XWNAIi0. 5 5S-fflv>Tv^ 0 
$*U>XONAIi, ^jtU^XON A<7)2^m±/6 ? $f i L^o Z. ^Hff^l£$ frltU* 
, i3tl/>Xi: 3 'J > - h I/>XwNAOt*^(±, ^^IWCPl^^v^ 
>X?)NA£, ^5tl^>X<^NA<^2f&m±i:-r*C:i:^ e toT, Ig-^JfcO If- A jg^** 

plfgtfcSo *%tt0l 1 •C{imjt^>Xi$^^^Xo^S§Sifi[5l-«i: U 

mSE#2 010-3017314 
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10 2 10] 

f*U>X4 1, 4 2 33 XX/ 4 3 tn 'J J - V Ltzfg^itZfttt $ 9- 6 1 , 62i5i 
tf6 3 CAItHTw^ 0 BEfcRWLfc «t -) 7-£l£lt£ £ -Citato 

t£S& * «J 15 # x. £ i t&* olfg t 4 * o 
[0211] 

*nnm 1 k*5v>t, mit^y^z 1 ©ijaeifi t$jtu>X4 1 f 2 i± 

fcLfco L/;i s ot, ijtl/>X3 1 KAIt-T'Mf-SI-Tfc 1 1 0 o fcf- AitS d 1 <h $ 
^pyX^io-cTO^t^tL/cff-^-^ci 1 1 otr- AjlgdaJilHj— -c* ij , bu^^J: 
9 K 1 Ommti^o Lf:i s oT, *$kMffl 1 K^tt^fttt 5 9-6 1 <7>ff 1 6 1 

coMtlDi t± 1 0 . 1 mm£v> L 1 2 mm**Sfi L < , i ^ I L< li 1 0. 2 mm£v> 
LI lmmtiD, Hl^ClilO. 5 mm t Ltz a D 2 C 7 ] frh 1 4 . 8mmT* 

ifc, 5 7-Ot>fX|±, it@ 3 0mm<Dtf-A£4 5 JKR^nTtg^^: § ^ (5 0m 

m£) <ni><D*m^tzo 

[0212] 

*Mfi:iot, H4i:jptJ:oi:, 1t ^itt^WfiJifafrh 9 0 Jg#[«&LT 
JR«)ffiLfcffi-^jfe ?m^r%) 2 11, 2 1 2£J:U f 2 1 3 H\ |*1/>X7 1 , 

7 2 33 «fc 7 3 "C*:^ Lt^ffB 1111, 1 1 1 2 33 i t>* 1113 Ojfc? r >f 

[0 2 13] 

ilS^*S2 1, 2 2 *3 «t ILP 2 3^tffiTLti^t^ fg-^fctilSfc U 
^S:tt-f> fll^* 111, 112, ^v>T- 1 1 3 t Ltffiif^o ffittflS** 113** 
*1/>X4 0 1 K «fc ^X&±LX3tm-W& 1114 C7)^;7 r >f KAI* V>£ 0 

[0214] 

1 tit Sfcl'^Xjfcjfi^l , 2£J:0 f 3O&%fcftft»#Hi«7-r >u*- 8 
1, 8 2 i3 iC/ 8 3 3£»tfc 0 Ztl^tl, M5 3 2 nm, 6 7 0 nmi5«tO f 8 0 0 n 
mOftUWftfc 1 0 0%m.UL, ttlX *) (>fiv\ '&®i.<n>WM1t& X Cfjfeft 8 5 0 nm?)| 

[0 2 15] 

Z>o U#9T, fWftjt^^rmWLTV^JSi^llfll-^jfcliiiCjtL-C^tfllWl 1 1 4 CO 
|7r >f/t ^Alt-f&OKttU iW»jt2 \*&R\.tzi&&\*fe^rit2 1 1 7&«jfcfl|-^K 

1 1 1 1^7r4A mm±2 1 *?B<rL«0fP*2 2 Lfc*^fcMg-*#2 1 

2 75^f-tJ^l 1 1 2<75jfe-7r-f^N' ^ MK, ftUHPjt2 1*3*0*2 2 £?g*T L#J«I* 2 

3 *ja*TLfc##ttflr-3-jte2 1 3 1 1 1 3 0*7r>f/<-^ 

[0216] 

Mf K 1111, 1112, 1 1 1 3HXZ/ 1 1 1 4«*77>f A'-[:Alfb^if 
*»i#*Sfll1llo*fl|-^$««^T$«SfL, ^3x^tu ^7^T 

>hMl 2 0 1, 1 2 0 2, 1 2 0 3 £ XI/ 1 2 0 4 ^BEM 2ti2> 0 
[0 2 17] 

fbl00kHzT% f^-TMJfcl : 1 ©£J§m»raytei»i: LTJSMtU *»«If$ii3t 
[0218] 

ffli£LtzMmit<Z>&J&6 2 1 0 33 «t OWPft l 2 1 OiK«l::#fcL-C3fcl&{2J#S*Lrt:^ 

*2 1 1 *%fefc&Km^x*^u7,u-z?±xmfc^tzm^±nmze 220*023 
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&£Z/m2 4 H^i" 0 4*5, HI 2 4 O^ttliU 2 3 <7)i§£-<7> 3 f&KjbfcS *IT V»£ 0 £ 
, $U«1 2 1 £8^1" J»$c£ 2 0 0 Hz4^Ll 00kHz KBt£U * 
§©«4|-3l6<7)»flfiiK*tlE-*"4fl|-f-*^>afe^6 2 2 0 OlgiPBL fciM£ Ltzffi%z*m 2 5 

[0 2 19] 

H2 3i:fiv»Ti*)fcl2 1 ((3 4) Sr«f«E"t**E3^jftW«afe«[5 0 0 H z T?* <9 > £ 
(0 £Off^ft<7)^«tj£^£<i^<7)^6 2 2 0<7)ig(|iSL 1 t-f&t, M 

m±l2\ (04) *Bf«i-*ffi3g«E<Offla![»l6HO. 2i>&2kHzi:M>r, S«L 

(i, utari -c*ofco 5 o 0-7^ *n#-e^£^KiB#>F«tffl&-c**£ fc* f 

njfc^, 2f&jeJL±<©*anD*-c**o 

[0 2 2 0 1 

MfcJ8S&fc**#fc*£'O0li: U, M)?£$C2 0 k H z ^*3tt^M^-*^-«6 2 2 0 
&[H 2 5 H^-To 12 5 4 o J:4 jtKiJO^^TL&v^rtmWI 

[0 2 2 1 1 

, »2S§*J:O r *3g|©jfeK«Jf«»i:iiV>T, #*ffi#?fcl 22434tfl23£Klr 
[0 2 2 2 ] 

m±t L, — flJUPjfcl 21, 1 2 245 4?/ 1 2 3 JS&Sfc 1 kHz T, fa- 

x^iti : Kommmmm^tLrmmL. ytmjjm^t^tzm^^mmm^mm^ 

it&Ltzo ^<7)^«. 1 Jj^mm^LX «-?-3twaiflE«(BH«JIL43ft»ofc 

o 

[ 0 2 2 3 ] 
[0 2 2 4 ] 

h-^«Ftt*«^Sfc*, HI»jte^TfB*J\ W»3t**2 W»**«2 2(7) 

-1111, 1112, 1113, 1114 *<bomi*jfc3&«fcJttSELjfcfc£%, BtfJt 
■t*ffi«t*Sft«K*4-i-**^* (^n^ h-*) &j£{4 2 0 0 0 ^^1 8 0 0 0 : 1 (- 
3 3^v>L3 9dB) i:«t*o/: 0 
[0 2 2 5] 

*^*&efl i <7)»j«^:OT^i#Mf-*-^e£ffi^m{4, i £}(Dr-tnt-^-mmfrh 4 
&o * 7 <i r > v mm^r- 9 mm-tz tot*u, wiw*^) 0 n# «t o f f l 

^7fc^#tc^i--S>B#^{4 > i:4(:0. 5 5V»-e*4o Lfc^ot, HI 3 I'^l" 4 ? & 
n y 9/*)VX<7)0N • 0 FFC^t^^^ y f^IlBlflA t 14 1 5 0?>-C&& 

0 Lfc^oT, 1 97JT> h^&frX-£2>r-9$m~*Iffel%ffite%LJ: (1 0 0 0/4- 

1 =) 2 4 9 ? »;fJ?-C*4 0 ^^t, K7)NfWi|BS:«^:2 4 9 < «JfJ\ 7*-*^ 
-fX* (lOGbpsXO. 2 4 9 s-) 2. 49Gbit, -ftat>%m.i^2 1 1 MB t 

[ 0 2 2 6 ] 

W&r- 9 <0&m$k&£ Lt, 272X1704 "CI ®^tCO^T<7)* 9 — If 

$g3 2 tf ? HOSJ»ffll»±*7-ifflffi' (Wi&lticmtz*) 1. 2^v^Ll. 5 MB) 2 00 

tblE#2 010-3017314 
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&frh%Z>7-9 2 4 0 ^v>L3 0 0 MB £ 4 Jt---»f-K#*Efll -t&ift&fcHJfe Ltz t 
[0 2 2 7] 

tfc, * 7-E{|®®ft>fEiiL/j 1 0 0 0MBO7 7^f;i/4tI«:4JL-f-i:^*Se 

[0 2 2 8] 

[Jt#08 1 ] 

iGbps?)^-t^7f (mmm) *- viwoitv. r-^^-^-mmtm 1 g 

bp s <7)*-f y f- > ^HUBgf^S? 1 0 m^)LANt-yJK & £ V\ #^7^T> 
MSBfclilriEX'f 7f >7HUBSI^ft$ 1 0mOLAN^r-7>tgSLTf-^|E 
SiaLKfcfllJSLrt: t £ 1 Tfflv>/iC0i:[WI-O 1 0 0 0MB <DW)WWi$.~7 r <i 

v4 r> hmw^mm^nm-f&mz 5 8#^^l^ 0 it. ^^^r^h^s^ 

h (g^SSD *-K^{£MSt^f 1 OOMbp s^^CflLT, |W] 
tt^iiJ^^flo^ t z\h, 12 3fHfL/; 0 
[0 2 2 9] 
[HJ£#!l 2 ] 

1119 1, 9 2, 9 3 £EI6 kz$mztiZ> X 9 tuit&WWm 1 9 1 CKil^i/; 
tco-c^o-c, M^fcis i^ftiJMoii-A -7^* b (fed?.) ^^v^X^^kt)^: 
ftlx>X4 ltri£W2:fi6 (Tc^ttiM) Hi££U 7t#^7-6 105tl6 1 £HM#0 

0!ll <0i#£-i:^-< mtiki? >lco^, m-^Tfc* ii^fW^^e-A <7^* h (feif) 

Zf&UyXfcj&m 1 ?' 1 <7)S*W>X4 1 Hifiv^i® 6 (^OffiMI) KlS^-T^t*^ 

Lv^o Mfifi 9 1 ^AM-tzm^Jtl 1 OOt'-AUfM^^^S^^^^^^ 

e-A»f® 'J > Xlfc 1^ ^ x$e 3 2 ICiot, m-^7fe^-Aifffi<7)^;?^j^^^ y 

milz£^xmf&2titz$kU>X 6 0 ^miti-^iR^ttiSif-t^l 1 9fi, tf-Ag^vh 

ti £ it &t Um&MiM 1 19*lf-Ax^^>/-3 3 lliiot, Alt 

M^ftl 1 0 i:|Wj^<7)4i#5mmS-ei£A$-ti-7t:'fi^l 1 1 t LTffilt Cl t iffi 

1 Lv^ 0 

[ 0 2 3 0] 

*mmm 2 ©*iw»s:jtK«j#aif*- * se-fg^s^^J^Tfc 121, 122, 1 2 3 <d& 
^(D&fr&iiittitmjim^mmt^mioxJb&o ti>mmt\ 2 1 *tmLtz 

*£\ M-tTfel 1 0(i^#$7-6 lORIffiiaotEl^^ ^c^#«-^7ifc2 1 1 
t LTtBItU fcftl^X? 1 ^«to-C*3fe^tL, )t7 7^A- 1 1 1 l^Altt^o fill 

hp* 1 2 1 ^MLtt^> it-^Tt 1 1 0 n>\^m.mm^yt I l 9 t LTTttt^ 9- 6 1 

(7)^1 6 1 fcf-Ai**yN 0 >^- 3 3 1 C J: o t AMf 1 1 0 t |W| £ 

-Ci£A$tLT^2^S<7)7lc:S&tD#Ml 9 2 (H7) KA£h)-&o HW»* 1 2 
H S "ML> fffUfSPTfcl 2 2 #7g*T£*L-CV> m-^Tfcl 1 1 lt±mj)^±2 1 2 t L 

TffiMU *7 7>f^-l 1 1 2KAIt1-£o ftlJ^Tbl 2 1 t 1 2 2 75 s ngB#Kif*-TLT^ 
m^±li\M.ML, \t^±l 1 2 £ Ltf3Sl<7)Mfiil 9 3 (H7) K 
A*fU ftlHlPftl 2 1 i: 1 2 2^|WIB#H^/J:TL, ^o, mm± 1 2 3*»i*TL-Cv»4»^ 
, *»«t3t2 1 3 t 17*7 7^ /<- 1 1 1 3^A*ft4o 1IP*1 2 1, 12 2, 1 

2 3mMitv^*^ fi-^fci i o»±*»wni[atfl?-9-*i 1 3 1 L-cm*tt, 

l*U^X4 0 1 ^«toT*7t$tL, tt:7t^^<- 1 1 1 4^AWt^ 0 

ti}|iE#2 010-3017314 
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[0 2 3 1 ] 

£iS«;t U mm±l 2 l ^jS^iSc^H zfrh 1 0 0 k H z T*« iF^--r^Jfcl 

0 "tnmZk. 1 H £o{f^<7)3i>^|gi|Js£^m£ LT, 2kHz it\ S£^iHI>§{i 
fco "t 5 0 4 ?u®^^^teit&®^i)^ ^t-hmUZtttZo Zti 
£>£o IWflljtl 2 2i3«fcO f 1 2 3 fcRttKHrfifcL-C *> , 1 2 1 fcHffcLfcfc'frfclWOtc;. 

[0 2 3 2 ] 

ttjfcfc L, — mUM^fe 1 2 1 , 1 2 2, 1 2 3 *#*JSafcSfcl k H zf, fa-f^ Jt 
[0 2 3 3 ] 

2 Ojfc*l|fP5$;jtei&9J#S-r- * Eft^SOfflttEi!:*; t #&isO#?fcfc <r> ? n * 
h-*«f#ttfcP'<*fc*, SJi^tf^T, IW»#1 2 1 «*M, ©HMl 2 l^itf 

1 2 2<E>*.£#]\ *3«fct>\ ©JUPjfcl 2 1, 1 2 2, 1 2 3 ^T*J:T«9#* V>T 
, *77^a*-10 1, 11, 12, 1 3 *t>Offilt#StJK4:JfctfcLfcfc ^> itfJ^-t- 
Sffi#bfc3!&S 4 (^nx b-*) 0 0 0 ^^L2 0 0 0 : 1 (-3 

0&^L3 3dB) fclRp-Cabo^o 

[0 2 3 4 ] 

BjSf-i'WEi^t LT, 272X1 704 "CI If(:ov»T»* 9 -'It 

#3 2 ify v<DMmmm±*y-mm (mm. 1 1 . 2&v>li. smb) 200 

tfej^ £ £ 7*- * 2 4 0 ^v>L 3 0 0 MB £ 4 JL-if- K#*E4Hl~£f£®i£ll;&& Ltz t 

[0 2 3 5] 

[USStffl 3 ] 

ggjfctii 1 K*J»t 7- 6 1 <7)^«^jS 10^»WfLT45Jl) * 

*Srfflv»Ttt-JtLTStje-*-aii:tcJ:oT, M-^jfc 1 1 0 

5J£*fc 1 7 5«©l6H-cafi»-aEM"t*ii:* , -C§*o » 2SlJSL*Oj\: 
#5 9-6 2 6 3 ^^gftJK«r|W|^H^MW^-C*^o 

[0 2 3 6 ] 

ifc, 1 1 OO^W^HItettli: LT, 5t#< 9-6 1 eo|£Sfcm £ 015 U 

Tjft*. 0^"b 3 6 0jKW|6BITS*^S£!5i-4i fcj&*-C#3o * 2 SB 3 9 
- 6 2 is £0*6 3 <7)l5«f4g^[W]#^^M-r^ - &o 
[0 2 3 7 ] 
[£jfcfll 4 ] 

ei 8 Kit, mmm 4 (D^m^itmwwmr- ^ mn^m<Du^mmm^7r:^ tix 
ho ms \zn^xm^ititM2 o. mu^tntuz 1 , 22, 23, n^^^??- 
51, 52, 53, w > x 1 0 > Jt-y r 4 /<- 1 0 0 > & «t tf\ 3y>-hu>X3 
0 finish 1 t ra— c* * o 

[0 2 3 8 ] 

Kio, MC, ilSl^«fi§9 1 3 o^Mf ii^^P^It 

iiftk ML, ^W7o<o*»«J#«fl|{cJ:o-C, Sfc, 3i*<0Mi*^|Bll|*iT<?)|l 
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[Name of the Document] Claims 
[Claim 1] 

An optically controlled optical-path-switching-type data 
distribution apparatus for providing data from a data server device 
to one or more specific client devices selected from a plurality 
of client devices, comprising: 

a data server device, a data communication unit and a client 
device, wherein: 

the data communication unit comprises: 

an optical switch, an optical signal path, an optical signal 
transmitting unit, an optical signal receiving unit, and data 
transmission/receipt control unit ; 

the optical signal transmitting unit comprising a signal light 
beam light source for irradiating a signal light beam having one 
or more wavelengths, and a control light beam light source for 
irradiating a control light beam having one or more wavelengths 
that are different from those of the signal light beam; 

the optical switch comprising: 

one or more light absorbing layer films for transmitting the 
signal light beam and selectively absorbing respectively only one 
specific wavelength of the control light beams, 

means for respectively converging and irradiating the control 
light beam and the signal light beam to each of the light absorbing 
layer films, 

one or more thermal lens forming devices for causing the 
converged signal light beam to exit while maintaining beam 
convergence or for varying the angle of divergence of the signal 
light beam and for causing the signal beam to exit, in response 
to the presence or absence of irradiation of the one specific 
wavelength of the control light beam, by using a thermal lens 
containing the light absorbing layer films andbased on a distribution 
of refractive index produced reversibly caused by temperature 
increase generated in an area of the light absorbing layer film 
that has absorbed the one specific wavelength of the control light 
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beam and in the periphery thereof, and 

one or more mirrors, each provided after one of the thermal 
lens forming devices and having a hole and reflecting means, for 
passing the signal light beam exiting the thermal lens forming devices 
5 through the hole or deflecting the optical path of the signal light 
beam by reflecting the signal light beam by the reflecting means 
in response to the presence or absence of irradiation of the one 
specific wavelength of the control light beam. 
[Claim 2] 

10 An optically controlled optical-path-switching-type data 

distribution apparatus of claim 1, wherein 

the data communication unit irradiates and transmits an 
arbitrary size of digital information that has been split into optical 
packets, each containing a fixed length or variable length optical 

15 digital signals as the signal light beam, and 

actuates the optical switch by irradiating an optical tag 
representing the identification information of a destination client 
device to each of the optical packets as the control light. beam 
in synchronization with the irradiation of the optical packets. 

20 [Claim 3] 

An optically controlled optical-path-switching-type data 
distribution method comprising: 

causing a signal light beam of one or more wavelengths carrying 
data converted to an optical signal, and a control light beam that 
25 is irradiated from a control light beam light source in response 
to a data transporting destination and has one or more wavelengths 
that are different from those of the signal light beam to travel 
substantially coaxial and in the same direction; 

converging and irradiating respectively the control light beam 
30 and the signal light beam to each of one or more light absorbing 
layer films that transmit the signal light beam and that absorb 
selectively only one specific wavelength of the control light beam; 

at each of one or more thermal lens forming devices each 
containing one or more of the light absorbing layer films, by using 
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a thermal lens based on a distribution of refractive index produced 
reversibly caused by temperature increase generated in an area of 
the light absorbing layer film that has absorbed the one specific 
wavelength of the control light beam and in the periphery thereof 
5 and in response to the presence or absence of irradiation of the 
control light beam having the one specific wavelength, causing the 
converged signal light beam to exit maintaining the beam converged 
or to exit with the angle larger than the normal divergence angle 
or the normal divergence angle thereof; 

10 using a hole-provided mirror having a reflecting surface, in 

response to the presence or absence of irradiation of the control 
light beam of the one specific wavelength, causing the signal light 
beam exited from the thermal lens forming device to travel straight 
through the hole or changing the optical paths thereof by reflecting 

15 the signal light beam at the reflecting surface; 

distributing data from a data server device to one or more 
specific client devices selected among a plurality of client devices . 
[Claim 4] 

An optically controlled optical-path-switching-type data 
20 distribution method of claim 3, wherein 

the signal light beam transports packets containing digital 
information of an arbitrary size that has been split into a pack 
of fixed length or of variable length digital signals as optical 
packets; 

25 the control light beam is irradiated in synchronization with 

the irradiation of the optical packets as the optical tag representing 
the identification information on a destination client device for 
each optical packet, to effect changes in the optical paths of the 
optical packets. 

30 [Claim 5] 

An optically controlled optical-path-switching-type data 
distribution apparatus of claim 1, wherein 

the data server device distributes digital static image data 
or moving image data to one or more specific client devices selected 



among a plurality of client devices. 
[Claim 6] 

An optically controlled optical-path-switching-type data 
distribution apparatus of claim 1, wherein 

the data server device distributes digital static image data 
or moving image data for medical use to one or more specific client 
devices selected among a plurality of client devices. 
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[Name of the Document] Specification 

[Title of the Invention] OPTICALLY CONTROLLED 

OPTICAL-PATH-SWITCHING-TYPE DATA DISTRIBUTION APPARATUS AND 
DISTRIBUTION METHOD 
5 [Field of the Invention] 
[0001] 

The present invention relates to an optically controlled 
optical-path-switching-type data distribution apparatus and 
distribution method. More specifically, the present invention 

10 relates to an optically controlled optical path switching type data 
distribution apparatus and distribution method using an optical 
packet communication system to distribute a large volume of digital 
data such as high definition image data, high definition moving 
image data, etc. from a server to a specific client among a plurality 

15 of clients in an office of a company, a plant, a hospital, an ordinary 
home, etc. 
[Background Art] 
[0002] 

Due to the dramatic progress of personal computers and their 
20 peripheral equipment, an almost inconceivably large volume of 

digital data including digitized and recorded high-definition static 
and moving images is transmitted every day. For example, when a 
conventional color television program is digitized and recorded 
on a hard disk type storage unit in a personal computer or on an 
25 optical recording- medium such as a DVD at home, a large volume of 
digital data with several gigabytes of data per one airtime hour 
is handled. Furthermore, with the advancement and improvement of 
diagonal medical instruments, super high-definition static images 
and digital high-vision images represented by 1600 x 1200 pixels 
30 or more are used, for example, to detect a cancer in early stages. 
An example is that a cancerous growth as small as 1 mm, or even 
smaller, in an early stage can be detected by rendering a three 
dimensional image by combining 1000- sliced images of a human body, 
each image having 1600 x 1200 pixels, on a display. 
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[0003] 

Recently, because the capacity of typical hard disk type 
storage units has increased, the recording of such high definition 
static images and moving images is not highly problematic . However, 
5 quick transfer or transmission of an image data to a remote site 
(another room within a hospital , a classroom in a university hospital 
and another site for remote treatment) still requires several minutes 
to several tens of minutes, even when using a high speed LAN capable 
of communication at 1 gigabit per second. Therefore, transfer of 

10 such a large volume of digital data to an optical recording medium 
such as DVD first has been practiced, however, a significant time 
is required to record the data and to physically transport the 
recording medium. However, as medical use requires electromagnetic 
compatibility, it is desirable that a large volume of digital data 

15 can be transmitted in the form of optical signals from a transmitting 
device provided with an electromagnetic shield to a receiving device 
also provided with an electromagnetic, without employing any 
electric signals during the transmission path . Such a configuration 
would be preferable in order to minimize generation of 

20 electromagnetic waves associated with transmission and reception 
of the high speed digital data, as well as switching of transmission 
paths, and further to eliminate interference from electromagnetic 
waves originating from external sources. 
[0004] 

25 Currently, mass-produced optical transceivers having a data 

communication speed on the order of 10 to 40 Gbps per second are 
available and are successfully operated in data distribution devices 
in which their data transmitting and receiving sides are connected 
via optical fiber. In the field of data delivery using optical 

30 signals, the most strongly desired technological development is 
an optical path switching unit (optical switch) , or light-to-light 
direct switching unit that does not employ an electric signal for 
use in high speed distribution of data from a data distribution 
device (server) to specific client devices. 



[0005] 

Known apparatuses and methods for switching the path of light 
traveling through space (optical paths) include, for example, a 
space division type that switches optical paths in an optical 
5 waveguide or between optical waveguides, a wavelength division 
multiplexing type that switches a multiplexed light beam having 
a plurality of wavelengths by dividing the light beam for optical 
paths according to the wavelength, a time division multiplexing 
type that switches optical paths of light beams that is 

10 time-division-multiplexed at an constant time interval and a free 
space type that divides and couples spatially optical paths of light 
beams propagating through space using a mirror or a shutter. Each 
of these schemes can be multiplexed or a plurality of different 
schemes can be used in combination. 

15 [0006] 

Proposed space-division-type optical switches include those 
that utilize a directional coupler, those that create a copy of 
an optical signal using an optical dropper and switch a light beam 
between ON and OFF using a gate device, those that transmit or reflect 

20 a light beam propagating a waveguide by varying the refractive index 
of the waveguide at a crossing portion of an intersection or a Y-shaped 
branching point, and others. However, all of these remain in the 
stage of research and development. Apparatuses employing a 
thermo-optical effect created by using an electric heater to vary 

25 the refractive index of a waveguide of a 

Mach-Zehnder-interf erometer-type optical waveguide switch are 
approaching practical application, but such apparatuses are 
disadvantageous in that this type of apparatus has a low response 
speed, of approximately 1 millisecond, and also requires an electric 

30 signal to operate the optical switch. 
[0007] 

Meanwhile, available free-space-type optical switches include 
a micro-electro mechanical system (abbreviated to MEMS) , an exciton 
absorption reflection switch (abbreviated to EARS) , a 
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multi-stage-beam-deflector-type optical switch, a hologram-type 
switch, a liquid crystal switch, andothers. However, these switches 
cannot be said to be sufficiently developed for practical use because 
they have assignments such as that they have mechanically movable 
5 portions ; they are dependent on polarized electromagnetic radiation, 
and other factors. 
[0008] 

On the other hand, there is active study of total-light-type 
optical devices or optical control methods that modulate the 

10 intensity or the frequency of a light beam directly by utilizing 
variation of the transmittance or the refractive index caused when 
an optical device is irradiated with light. The inventors of the 
invention described in the present application are continuing an 
ongoing study of an optical control method aimed at development 

15 of a new information processing technique with a total-light-type 
optical device, etc. using an organic nanoparticle thermo— optical 
lens forming device formed by dispersing organic pigment aggregate 
in a polymer matrix ( see Non-Patent Document 1 ) . Currently, a device 
employing a scheme that modulates a signal light beam (780nm) by 

20 a control light beam ( 633nm) , having a characteristic that the control 
light beam and the signal light beam are coaxial and have incidence 
of the same focal point, and based on an operational principle that 
the signal light beam is refracted by a thermal lens formed transiently 
by absorption of the control light beam, is being developed and 

25 a high-speed response of approximately 20 nanoseconds has been 
achieved. There has been disclosed an optical control method of 
carrying out intensity modulation and/or light flux density 
modulation of a signal light beam transmitted through an optical 
device by reversibly varying the transmittance and/or the refractive 

30 index of the signal light beam in a different wavelength band from 
that of the control light beam. by irradiating the optical device 
comprising optically responsive composition, with the control light 
beam, wherein the control light beam and the signal light beam are 
converged and irradiated on the optical device, and the optical 
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paths of the control light beam and the signal light beam are adjusted 
such that an area having the highest photon density in the vicinity 
of a focus (beam waist) of each of the control light beam and the 
signal light beam are overlapped on each other in the optical device 
5 (see Patent Documents 1-7). Furthermore, there has also been 
disclosed an optical control, method of carrying out intensity 
modulation and/or light flux density modulation of a signal light 
beam transmitting a thermal lens by reversibly forming the thermal 
lens based on the distribution of density variation caused by a 

10 temperature increase generated in an area of the photo-responsive 
composition, that has absorbed the control light beam and the 
surrounding area thereof, wherein a control light beam and the signal 
light beam having a wavelength different from each other are 
irradiated on an optical device comprising photo-responsive 

15 composition, the wavelength of the control light beam is selected 
from a wavelength band that the photo-responsive composition absorbs 
(see Patent Document 8). Yet further, it is described that a 
pigment /resin film or a pigment solution film is, for example, used 
as the optical device and a response time of the signal light beam 

20 against the irradiated control light beam for the case where the 
control light beam has a power of 2 to 25mW is shorter than 2|asec 
(see Patent Document 8). 
[0009] 

Here, the thermal lens effect is a refractive effect in which 
25 molecules, etc. that have absorbed light in the central area of 
light absorption convert the light into heat, a temperature 
distribution is created by propagation of this heat to the surrounding 
area, and, as a result, the refractive index of an optical transmitting 
matter is varied spherically from the center of the light absorption 
30 to the outer region to create a distribution for the refractive 
index which is lower at the center of the light absorption and higher 
continuing outward, with functions similar to those of a convex 
lens. The thermal lens effect has long been utilized in the field 
of spectral analysis , and an ultra high sensitivity spectral analysis 
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can be carried out that can detect the light absorption of even 
a single molecule (see Non-Patent Documents 2 and 3) . 
[0010] 

Moreover, there is disclosed, as a method of deflecting an 
5 optical path using variation of refractive index caused by the thermal 
lens effect or heat, a method of deflecting a light beam by creating 
a distribution of refractive index in a medium by providing heat 
using a heating resistor (see Patent Document 9) . However, because, 
in all of the above methods, heat is produced using a heating resistor 

10 and a medium is heated using conduction, these methods have an 
intrinsic problem of diffusion of heat. That is, because of the 
diffusion of heat, a fine thermal gradient cannot be provided over 
a large area and a desired distribution of the refractive index 
cannot not be easily or reliably obtained. Furthermore, in actual 

15 practice, the fine processing of a heating resistor is limited, 
even when a photolithography technique used for semiconductor 
integrated circuits is employed, such that it is not possible to 
prevent the size of the device from increasing. When the size of 
the device increases, the optical system becomes larger and more 

20 complicated. Furthermore, because heat is produced using a heating 
resistor and the medium is heated by conduction of the heat, this 
invention has intrinsic disadvantages such as that the response 
is slow and the frequency for varying the refractive index cannot 
be increased. 

25 [0011] 

Moreover, there is disclosed a deflecting device using an 
optical device, comprising at least the optical device comprising 
an photo- sensitive composition and intensity distribution adj us ting 
means for irradiating the optical device with light in a wedge-shaped 

30 optical intensity distribution, wherein a distribution of refractive 
index is formed in the optical device by a control light beam and 
deflection of a signal light beam having a wavelength different 
from that of the control light beam is carried out by the distribution 
of the refractive index (see Patent Document 10) . Although this 
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scheme is excellent in terms of controlling light using light, this 
scheme is constrained in that the angle of deflection must be within 
30 degrees and, therefore, is problematic in that directions for 
switching optical paths cannot be freely set. 
5 [0012] 

The present inventors disclosed in an earlier patent 
application an optical path switching apparatus and optical path 
switching method with no polarized-electromagnetic-wave dependence, 
for which angles and directions for switching optical paths can 

10 be set freely, with which optical intensity attenuation of a signal 
light beam is small, and which can be used in a plurality of connection; 
a control light beam having a wavelength selected from a wavelength 
band that a light absorbing layer film absorbs and a signal light 
beam having a wavelength selected from a wavelength band that the 

15 light absorbing layer film does not absorb are respectively converged 
and irradiated on the light absorbing layer film in a thermal lens 
forming device containing at least the light absorbing layer film; 
arrangement is adjusted such that at least the control light beam 
is focused within the light absorbing layer film; and a thermal 

20 lens based on a distribution of the refractive index created 

reversibly caused by a temperature increase produced in an area 
of the light absorbing layer film that has absorbed the control 
light beam and the area surrounding the area is used. Thereby, a 
state wherein the converged signal light beam exits from the thermal 

25 lens forming device at an ordinary divergence angle when the control 
light beam is not irradiated and no thermal lens is formed, and 
another state wherein the converged signal light beam exits from 
the thermal lens forming device at a divergence angle larger than 
the ordinary divergence angle when the control light beam is 

30 irradiated and a thermal lens is formed are realized in response 
to the presence or absence of the irradiation of the control light 
beam; when the control light beam is not irradiated and no thermal 
lens is formed, the signal light beam exiting from the thermal lens 
forming device at the ordinary divergence angle is caused to travel, 



either unchanged or with its ordinary divergence angle modified 
using a light-receiving lens, straight through a hole in a mirror. 
On the other hand, when the control light beam is irradiated and 
a thermal lens is formed, the signal light beamexiting while diverging 
5 from the thermal lens forming device at a divergence angle larger 
than the ordinary divergence angle is reflected, unchanged or after 
the divergence angle of the divergence is changed using a 





light-receiving lens, 


using 


the 


hole- 


-provided 
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[Disclosure of the Invention] 
[Problems to be Solved by the Invention] 
5 [0014] 

An object of the present invention is to provide an optically 
controlled optical -path- switching- type data distribution 
apparatus and distribution method involving an optical packet 
communication system, that has no mechanical components, that 

10 operates at a high speed, that is durable and has no dependence 
on polarized electromagnetic waves, and that cause no 
electromagnetic disturbances and is itself not affected by 
electromagnetic waves . 
[Means for Solving the Problems] 

15 [0015] 

In order to attain the above object, the present invention 
provides an optically controlled optical-path-switching-type data 
distribution apparatus for providing data from a data server device 
to one or more of specific client devices selected among a plurality 

20 of client devices. This comprises at least a data server device, 
a data communication unit, and a client device, wherein data 
communication unit includes at least an optical switch, an optical 
signal path, an optical signal transmitting unit, an optical signal 
receiving unit, and a data transmission/receipt control unit, the 

25 optical signal transmitting unit has at least a signal light beam 
light source for irradiating a signal light beam having one or more 
wavelengths, and a control light beam light source for irradiating 
a control light beam having one or more wavelengths that are different 
from those of the signal light beam in response to a control signal 

30 from the data transmission/receipt control unit, the optical switch 
includes at least one or more light absorbing layer films for 
transmitting the signal light beam and selectively absorbing only 
one specific wavelength of the control light beam, means for 
respectively converging and irradiating the control light beam and 
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the signal light beam to each of the light absorbing layer films, 
one or more thermal lens forming device for causing the converged 
signal light beam to exit maintaining the beam converged or for 
varying the angle of divergence of the signal light beam and for 
5 causing the signal beam to exit, in response to presence/absence 
of irradiation of the one specific wavelength of the control light 
beam, by using a thermal lens containing the light absorbing layer 
films and based on a distribution of refractive index produced 
reversibly caused by temperature increase generated in an area of 

10 the light absorbing layer film that has absorbed the one specific 
wavelength of the control light beam and in the periphery thereof, 
and a mirror provided respectively behind each of the thermal lens 
forming devices and having a hole and reflecting means, for passing 
the signal light beam having exited from the thermal lens forming 

15 devices through the hole or reflecting the optical path of the signal 
light beam by deflecting the signal light beam by the reflecting 
means in response to presence/absence of irradiation of the one 
specific wavelength of the control light beam. 
[0016] 

20 Another optically controlled optical-path-switching-type 

data distribution apparatus of the present invention comprises the 
apparatus described above wherein the data communication unit at 
least irradiates and transmits an arbitrary size of digital 
information that has been split into optical packets, each containing 

25 a fixed length or variable length optical digital signals as the 
signal light beam, and actuates the optical switch by irradiating 
an optical tag representing the identification information of a 
destination client device to each of the optical packets as the 
control light beam in synchronization with the irradiation of the 

30 optical packets. 

[0017] 

Further, in order to attain the above object, the present 
invention provides a method comprising causing a signal light beam 
having one or more wavelengths transporting data converted to an 
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optical signal, and a control light beam that is irradiated from 
a control light beam light source according to the data transporting 
destination and that has one or more wavelengths that are different 
from those of the signal light beam to travel substantially coaxial 
5 and in the same direction; converging and irradiating respectively 
the control light beam and the signal light beam on each of one 
or more light absorbing layer films that transmit the signal light 
beam and that absorbs selectively only one specific wavelength of 
the control light beam; at each of one or more thermal lens forming 

10 devices each containing the light absorbing layer films, by using 
a thermal lens based on a distribution of refractive index produced 
reversibly caused by temperature increase generated in an area of 
the light absorbing layer film that has absorbed the one specific 
wavelength of the control light beam and in the periphery thereof, 

15 in response to presence/absence of irradiation of the control light 
beam having the one specific wavelength, causing the converged signal 
light beam to exit as it is or to exit with a divergence angle larger 
than the ordinary divergence angle, or with the normal divergence 
angle thereof; using a hole-provided mirror having a reflecting 

20 surface, in response to presence/absence of irradiation of the 
control light beam of the one specific wavelength, causing the signal 
light beam exited from the thermal lens forming device to travel 
straight through the hole or changing the optical paths thereof 
by reflecting the signal light beam at the reflecting surface; 

25 distributing the data to one or more specific client devices that 
are selected among a plurality of client devices. 
[0018] 

Another optically controlled optical -path- switching- type 
data distribution method of the present invention comprises the 
30 method described above wherein the signal light beam transports 
packets containing digital information of arbitrary size that has 
been split into a pack of fixed length or variable length digital 
signals, as optical packets; and the control light beam is irradiated 
in synchronization with the irradiation of the optical packets as 



12 

the optical tag representing the identification information on a 
destination client device for each packet, and serves to change 
optical paths of the optical packets. 
[0019] 

5 Another optically controlled optical-path-switching-type 

data distribution apparatus of the present invention comprises the 
apparatus described above wherein the data server device distributes 
a digital static image or moving images to one or more specific 
client devices selected among a plurality of client devices. 
10 [0020] 

Another optically controlled optical -path- switching- type 
data distribution apparatus of the present invention comprises the 
apparatus described above wherein the data server device distributes 
a digital static image or moving images for medical use to one or 
15 more specific client devices selected among a plurality of client 
.devices . 

[Achieved Effects of the Invention] 
[0021] 

According to the present invention, there can be provided 
20 an optically controlled optical-path-switching-type data 

distribution apparatus and distribution method involving an optical 
packet communication system, that has no mechanical components, 
that operates at a high speed, that is durable and has no dependence 
on polarized electromagnetic waves, and that cause no 
25 electromagnetic disturbances and is itself not affected by 
electromagnetic waves. 

[Best Mode for Carrying Out the Invention] 
[0022] 

[PRINCIPLE OF OPTICAL PACKET COMMUNICATION] 
30 In packet communication systems in the telecommunication field, 

an arbitrary amount of digital information (data) is divided into 
packets, each having a pack of fixed length or variable length digital 
signals; each of the packets is transmitted after a tag representing 
the identification information containing a destination and a 
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re-assembly sequence is added; a communication path control device 
on a communication path delivers the packet to a destination by 
identifying the destination based on the information contained in 
the tag; the receiving side restores the original information by 
5 arranging the sequence (order) of the segments of information that 
was divided into packets based on the information contained in the 
tag and accepts the original information. 
[0023] 

The optically controlled optical-path-switching-type data 

10 distribution apparatus and distribution method of the present 

invention replaces such electric signal packets and tags with light 
beams. In other words, an arbitrary size of digital information 
(data) is divided into optical packets of a pack of fixed or variable 
length optical signals for transmission; an "optical destination 

15 tag" representing identification information of the destination 
and an "optical sequence tag" representing identification 
information of the re-configuration sequence of an optical packet 
are added to each of the packets; the optically controlled optical 
switch on a communication path operates to deliver the optical packets 

20 to the destination by identifying the destination based on the 
identification information contained in the .optical destination 
tag; the receiving side reconfigures the information that has been 
divided into optical packets to obtain the original information. 
In this manner, a control light beam having a wavelength that is 

25 different from a signal light beam is used as an optical destination 
tag representing the destination of an optical packet, while an 
optical sequence tag representing the identification information 
on the sequence to reassemble optical packets is added to the optical 
packets themselves and transmitted as a signal light beam. 

30 [0024] 

For example, in Figs. 1 and 2, data 12010, 12020, 12030, etc. 
to be sent to client devices 1201, 1203, 1203, etc. respectively 
from a data server device 1000 are first divided into electric signal 
packets by a data transmission/receipt control unit 1140 in a data 
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' communication unit 1100; an electric signal sequence tag is attached 
to each electric signal packet, which is then converted into an 
optical packet 12011, 12021, 12031, 12012, 12013, or the like by 
an optical signal transmitting unit 1120, and transmitted through 
5 an optical signal path 1110, at optical switch 1101, the optical 
paths of the packets are switched to optical signal paths 1111, 
1112 and 1113 by the actions of optical destination tags 12111, 
12121, 12131, 12112, 12113 or the like that are irradiated in 
synchronization with each of the optical packets by an optical signal 

10 transmitting unit 1120 . At the end of optical signal paths, optical 
signal receiving units 1131, 1132 and 1133 are disposed, by which 
the received optical packets are converted to electric signal packets, 
reassembled to the original data 12010, 12020, 12030 or the like 
based on the identification information on the re-configuration 

15 sequence recorded in the sequence tag in an electric signal packet 
at data transmission/receipt control units 1141, 1142 and 1143, 
and distributed to client devices 1201, 1202, 1203, etc. as electric 
signals- As shown in Fig. 2, for example, an original data 12010 
is split into information portions 12311, 12312 and 12313 of an 

20 optical packet, then their optical paths are switched by an optical 
switch and distributed, then the information is restored based on 
the identification information on the re-configuration sequences 
of data which have been distributed as optical sequence tags 12211, 
12212 and 12213, and delivered to a client device 1201. 

25 [0025] 

[SYNCHRONIZATION OF OPTICAL PACKET AND OPTICAL DESTINATION TAG] 
Synchronization of an optical packet and an optical destination 

tag is carried out as exemplified below. 
[0026] 

30 As shown in Fig. 3, reference clock pulses generated by a data 

transmission/receipt control unit 1140 at the data transmitting 
side, are aligned so that ON states 13000, 13002, 13004, 13006, 
etc. and OFF states 13001, 13003, 13005, etc. are aligned 
alternatively at an equal pulse time width t p (for example, 125 
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millisecond) . Optical packets 12000, 12001 etc. are originated to 
both of ON and OFF states of the reference clock pulse, and for 
either state they are transmitted at a timing that is delayed by 
pre-determined delay time At after the rise or fall of the reference 
5 clock pulse. This delay time At, as described more specifically 
in Examples, is set according to the time that is required for the 
optical switch of the present invention to switch optical paths 
(for example, 1 millisecond of delay time At for a pulse interval 
t p , 125 millisecond) . Optical destination tags with wavelengths 

10 (1) , (2) , (3) etc. that are different from each other and generated 
from one or more control light beam sources are generated in 
synchronization with the reference clock pulses. In the example 
shown in Fig. 3, an optical destination tag 12111 having a wavelength 
(1) and an optical packet 12011 are synchronized and generated 

15 corresponding to the reference clock pulse ON state 13002 , an optical 
destination tag 12121 having a wavelength (2) and an optical packet 
12021 are synchronized and generated corresponding to the reference 
clock pulse OFF state 13003, an optical destination tag 12131 having 
a wavelength (3) and an optical packet 12031 are synchronized and 

20 generated corresponding to the reference clock pulse ON state 13004 
respectively. When optical destination tags 12112 and 12113 are 
irradiated and transmitted in succession, the corresponding optical 
packets 12012 and 12013 are distributed to the same client device 
(in this case, 1201) in succession. 

25 [0027] 

[ELEMENTS CONFIGURING AN OPTICALLY CONTROLLED 
OPTICAL-PATH-SWITCHING-TYPE DATA DISTRIBUTION APPARATUS] 

Elements configuring an optically controlled 
optical-path-switching-type data distribution apparatus of the 

30 present invention are shown in Fig. 1. These elements are described 
in due order. 

[0028] 
[DATA SERVER DEVICE] 

A data server device 1000 comprises at least a data collecting 
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unit 1050 and a transmission data storage unit 1010, and, as ordinary 
computer units, may further includes an input/output control unit 
1040, an auxiliary storage unit, an external storage unit, a power 
supply unit, etc. 
5 [0029] 

The data collecting unit 1050 includes a known arbitrary data 
input device, and may have an auxiliary storage unit such as a 
temporary storage device (buffer memory) as necessary. Practical 
examples of data input devices are, for example, input interfaces 

10 complied with digital data communication standards such as RS-232C, 
IEEE 1394, USB2 . 0 and SCSI, recording medium reading units such 
as floppy disk drive units, CD drive units , DVD drive units , magnetic 
tape units, semiconductor memory read units, etc., and digital 
interface boards for television images. 

15 [0030] 

The transmission data storage unit 1010 includes a known 
arbitrary data storage/recording device, and may also comprise an 
auxiliary storage unit such as a temporary storage unit (buffer 
memory) that operates at a high speed, as necessary. As a digital 

20 data storage/recording device, large capacity storage devices such 
as a hard disk drive unit, rewritable DVD drive unit, magnetic tape 
unit, or DVD auto-changer unit can be used. 
[0031] 

[DATA COMMUNICATION UNIT] 

25 The data communication unit 1100 includes a data transmission 

side portion directly connected to the data server device 1000, 
an optical path and an optical switch connecting the data transmitting 
side and receiving side, and a data receiving side portion directly 
connected to a client device 1201 or the like. 

30 [0032] 

The data transmission side portion directly connected to the 
data server device 1000 includes at least a data transmission/receipt 
control unit 1140 and an optical signal transmitting unit 1120, 
and may be provided with an optical signal receiving unit 1130 for 
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receiving a response signal or data transmission request signal 
from the client device side, as necessary . Transmission of an optical 
signal from the client device to the data server device can be carried 
out corresponding to the timing of the optical switch through which 
5 the signal will pass. 
[0033] 

The data transmission/receipt control unit 1140 at the data 
transmitting side performs the splitting of digital information 
(such as data 12010) to be transmitted into electric signal packets, 

10 adding of an electric sequence tag representing the identification 
information on each electric signal packet re-configuration sequence 
to the electric signal packet, temporary storing individual electric 
signal packets, controlling transmission of an optical destination 
tag generated by converting an electric signal destination tag 

15 representing each of optical packet destination to a control light 
beam (transmission synchronized with the corresponding optical 
packet) , and controlling transmission of an optical packet 
(transmission synchronized with the corresponding optical 
destination tag) . Further, the data transmission/receipt control 

20 unit at the data transmitting side controls receipt of a response 
signal or data transmission request signal from the client device 
to the data server device based on the operating status of the optical 
switch . 

[0034] 

25 As a part of optical signal transmitting unit 1120 at the data 

transmitting side, a configuration of optical elements is shown 
in Fig. 4 and other drawings. In Fig. 4 and other drawings, the 
electric circuit of an optical signal transmitting unit 1120 is 
omitted. 

30 [0035] 

The optical signal transmitting unit at the data transmitting 
side first controls the oscillation state of a signal light beam 
source 20 in response to the ON and OFF signals of an electric signal 
packet, and sends the oscillation state as an optical packet 12011, 
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etc. to convert the electric signal packet containing a sequence 
tag represented by the electric signal to the intensity or 
continuation/discontinuation of a signal light beam 120, and 
secondary controls the oscillation states of one or more control 
5 light beam sources 21, 22, 23, etc. at the optical signal transmitting 
unit in response to the destination tag of an electric signal at 
the time the optical packet is sent, to transmit it as an optical 
destination tag 12111, etc. As an optical signal transmitting unit 
at the data transmitting side, a laser oscillation control device 
10 and a laser source of a known desirable system can be used. Other 
optical elements of an optical signal transmitting unit will be 
described in the Examples. 
[0036] 

For an optical signal path 1110 that connects the data 

15 transmitting side with the data receiving side, one or more of open 
space, optical fibers, and optical waveguides can be used in 
combination, as appropriate. For example, an optical fiber between 
the optical signal transmitting unit to the optical switch, a space 
within the optical switch, and further an optical waveguide in the 

20 optical signal receiving unit may be used in combination, as 

appropriate . As an optical fiber, a multimode or single mode quartz 
glass optical fiber or a plastic optical fiber can be selectively 
used, considering the transmission loss property at the wavelengths 
of the control light beam and signal light beam to be used and 

25 transmission distance. For example, as long as- the transmission 
loss of a single mode quartz glass optical fiber is 5 dB/km or less 
at wavelength range of 600 nm to 1 . 6 pm and the transmission distance 
is 100 to 200 m or so, the single mode quartz glass optical fiber 
can be used without consideration of transmission loss. 

30 [0037] 

The data receiving side directly connected to a client device 
comprises at least a data transmission/receipt control unit 1141, 
etc. and an optical signal receiving unit 1131, etc. at the data 
receiving side, and may be provided with optical signal transmitting 
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unit 1121 for transmission of a response signal or data transmission 
request signal from the client device to the data server device. 
[0038] 

A data transmission/receipt control unit 1141, 1142, 1143, 
5 etc. at the data receiving side temporarily stores all the packets 
received and converted to electric signals, confirms the portion 
representing the destination in the sequence tag added to each of 
the packets and discards any incorrectly received packets, confirms 
and temporarily stores the sequence tag representing the 
10 identification information on the sequence for reassembling 

individual packets, and reassembles digital information (data) based 
on the information contained in the sequence tag. Further, the data 
transmission/receipt control units at the data receiving side 
controls a response signal or data transmission request signal from 
15 the client device to the data server device in response to the optical 
switch operating status. 
[0039] 

The optical signal receiving unit at the data receiving side 
receives the optical packet 12011, etc. , and converts it to an electric 
20 signal packet. It is desirable to form an electric signal based 
on the intensity or continuation/discontinuation state of an optical 
signal that was received by separating noise components from the 
signal . 

[0040] 

25 As the optical signal receiving unit and the data 

transmission/receipt control unit at the data receiving side, a 
known arbitrary optical communication receiver (optical 
transceiver) can be selectively used in accordance with the 
wavelength band and data transfer rate (bit rate) of the signal 

30 light beam to be used. 
[0041] 
[CLIENT DEVICE] 

A client device comprises a received data storage unit 1211, 
etc., or data display unit 1261, etc., and may further comprise 
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ordinary computer units such as an input/output control unit, an 
auxiliary storage unit, an external storage unit, a power supply 
unit, etc. A received data storage unit comprises a known arbitrary 
digital data storage/recording unit, and may have an auxiliary 
5 storage unit such as a temporary storage unit (buffer memory) that 
is operable at a high speed, as necessary. As a digital data 
storage/recording unit, a large capacity storage unit such as a 
hard disk drive unit, or rewritable DVD drive unit can preferably 
be used. 

10 [0042] 

For the elements configuring the optically controlled 
optical-path-switching-type data distribution apparatus of the 
present invention described above, known units excluding the optical 
switch can be used in a known manner to embody the present invention. 

15 [0043] 

[OPTICAL SWITCH] 

An optical path switching mechanism 91 of an optical switch 
with a minimum configuration used in an optically controlled 
optical-path-switching-type data distribution apparatus of the 

20 present invention is shown in Fig . 5 . The schematic view of an optical 
switch 1101 connecting three optical path switching mechanisms 91, 
92 and 93 in three stages in a space is exemplified in Fig. 4a (see 
Example 1) . The principle of the operation of an optical switch 
used in the present invention is shown in Figs. 11, 12, 13, and 

25 14 . 

[0044] 

The optical switch 1101 used in the present invention comprises 
at least a thermal lens forming device 1, etc. containing one or 
more light absorbing layer film and thermal lens forming layer 502 
30 that transmits the signal light beam (optical packet) 120, 110, 
111, 112, etc. and selectively absorbs only one specif ic wavelength 
of the control light beams respectively, means (for example, 
condenser lens 31, 32, 33, etc.) for converging and irradiating 
the control light beam and the signal light beam on to each of the 
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light absorbing layer films, and the light absorbing layer film; 
a thermal lens forming device 1, 2, 3, etc. that includes the light 
absorbing layer films and, by using a thermal lens 50 or 60 based 
on a distribution of refractive index reversely proportional to 
5 the temperature increase generated in an area of the light absorbing 
layer film that has absorbed the one specific wavelength of the 
control light beam and in the periphery thereof, and in response 
to the presence/absence of irradiation of one specific wavelength 
of the control light beam, causes the converged signal light beam 

10 to exit as it is as shown in Fig. 12(b), and causes the converged 
signal light beam to exit with a divergence angle larger than the 
ordinary divergence angle as shown in Fig. 12(a), or as shown in 
Fig. 11 (a) or 11(b), causes the converged signal light beam to exit 
with an ordinary divergence angle; and a mirror 61 provided 

15 respectively behind each of the thermal lens forming devices and 
having a hole 161 and reflecting means, for passing the signal light 
beam having exited the thermal lens forming devices through the 
hole 161 or deflecting the optical path by reflecting the signal 
light beam by the reflecting means in response to presence/absence 

20 of irradiation of the one specific wavelength of the control light 
beam. 

[0045] 

The components of an optical switch used in the present 
invention will now be described in detail. 
25 [0046] 

[MEANS FOR RESPECTIVELY CONVERGING AND IRRADIATING A CONTROL LIGHT 
BEAM AND SIGNAL LIGHT BEAM] 

In operating an optical switch utilizing the thermal lens effect 
of the present invention, a condenser lens or concave mirror is 
30 used as a means to respectively converge and irradiate a control 
light beam and a signal light beam on the same area of a light absorbing 
layer film/thermal lens forming layer 502. As a condenser lens, 
a normal convex lens or the like, an aspheric convex lens, a 
distributed index condenser lens, an objective lens for a microscope 
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consisting of a plurality of lenses, a lens for photographic equipment , 
or the like can preferably be used. Achromatic aberration correcting 
lens that is a combination of convex lenses with different refractive 
indices may be used to correct chromatic aberration caused by 
5 differences in refraction indices of lens materials in response 
to the differences in wavelength of a signal light beam and a control 
light beam. In order to cause a signal light beam and control light 
beam to enter the light absorbing layer film without any loss, the 
effective aperture of a condenser lens or concaved mirror must be 

10 larger than the beam diameter of a parallel beam containing a signal 
light beam and a control light beam. Furthermore, positional 
relation with a light absorbing layer film is set based on the focal 
distance and working distance of the condenser lens or concaved 
mirror. Specific examples are described in the Examples. 

15 [0047] 

[LIGHT RECEIVING LENS] 

A light receiving lens receives the exiting signal light beam 
without loss, when a control light beam is not irradiated and the 
converged signal light beam exits from a thermal lens forming device 

20 at an ordinary divergence angle and when a control light beam is 
irradiated and signal light beam is exited at a divergence angle 
larger than an ordinary angle from the thermal lens forming device, 
and used as a means to restore a parallel light beam. A lens similar 
to a condenser lens can be used as a light receiving lens. For a 

25 light receiving lens as used herein, a concaved mirror can also 
be used. Further, it is recommended that the numerical aperture 
(hereinafter, referred to simply as "NA" ) of these light receiving 
lenses be set to be a value larger than the NA of the condenser 
lenses. More specifically, by setting the NA of the light receiving 

30 lenses equal to or more than twice as large as the NA of the condenser 
lens, the light receiving lens can receive light beams without loss, 
even when a signal light beam exits at a divergence angle larger 
than an ordinary divergence angle. 
[0048] 
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On the other hand, when a configuration is employed in which 
the converged signal light beam exits unchanged from a thermal lens 
forming device when a control light beam is irradiated, if the beam 
diameter of the exited light beam remains small, convergence of 
5 the light beam will likely be insufficient due to diffraction of 
light, in converging and irradiating the light beam again on the 
thermal lens forming device in the optical switch or having the 
light beam condensed and causing to enter in an optical fiber at 
a latter stage. In such a case, it is recommended that the beam 
10 diameter be expanded by expanding the signal light beam that exited 
while being converged. As a means for expanding a light beam, a 
known means such as, for example, a Keplerian optical system 
comprising two convex lenses may be used. 
[0049] 

15 [WAVELENGTH SELECTING AND TRANSMITTING FILTER] 

As long as the transmittance of a control light beam at a thermal 
lens forming device in an optical switch for use in the present 
invention is not 0%, an amount of the control light beam corresponding 
to the transmittance is transmitted through and exits from the thermal 

20 lens forming devices. In order to prevent this amount of light from 
entering the thermal lens forming devices or elsewhere where it 
may cause malfunction or cross-talk, it is necessary to make the 
transmittance of each of the control light beams in the thermal 
lens forming devices 1, 2, and 3 approach 0%. Furthermore, it is 

25 preferable that the wavelength selecting and transmitting filters 
(81, 82 and 83 in Fig. 4) be provided behind the thermal lens forming 
devices 1, 2 and 3. As these wavelength selecting and transmitting 
filters, any known filters may be used that completely block light 
in the wavelength band of each of the control light beams while 

30 that can efficiently transmit light in the wavelength band of the 
signal light beams and that of the control light beams for the optical 
switch in the latter stages. For example, plastic or glass colored 
by a pigment, glass provided with a dielectric multi-layer film 
on the surface thereof, etc. can be used. A thin film comprising 
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such a material for the wavelength selecting and transmitting filter 
may be formed on the surface of the condenser lenses (41, 42 and 
43 in Fig. 4) by a coating method, a sputtering method, etc. and 
may function as the wavelength selecting and transmitting filter. 
5 [0050] 

[THERMAL LENS FORMING DEVICE] 

In the present invention, a device having a lamination film-type 
structure can be used as a thermal lens device and the following 
combinations, for example, can be listed as the structure of the 
10 lamination film. 
[0051] 

(1) A light-absorbing layer film alone. However, this 
light-absorbing layer film may be any one of a single-layer film 
literally comprising only a light-absorbing film, or a lamination 

15 layer-type thin film having a two-layer structure such as a 

light-absorbing film/thermal lens forming layer, or a three-layer 
structure such as a light-absorbing film/thermal lens forming 
layer/light-absorbing layer. The following light-absorbing layer 
films (2) to (10) contain a structure same as that described above: 

20 [0052] 

(2) Light-absorbing layer film/heat-insulating layer film. 
[0053] 

(3) Heat-insulating layer film/light-absorbing layer 
film/heat-insulating layer film. 

25 [0054] 

(4) Light-absorbing layer film/heat-conducting layer film. 
[0055] 

(5) Heat-conducting layer film/light-absorbing layer 
film/heat-conducting layer film. 

30 [0056] 

(6) Light-absorbing layer film/heat-insulating layer 
film/heat -conducting layer film. 

[0057] 

(7) Heat-conducting layer film/light-absorbing layer 



25 

film/heat-insulating layer film. 
[0058] 

(8) Heat-conducting layer film/light-absorbing layer 
film/heat-insulating layer film/heat-conducting layer film. 

5 [0059] 

(9) Heat-conducting layer film/heat-insulating layer 
film/light-absorbing layer film/heat-insulating layer film. 

[0060] 

(10) Heat-conducting layer film/heat-insulating layer 
10 film/light-absorbing layer film/heat-insulating layer 

film/heat-conducting layer film. 
[0061] 

(11) Refractive -index-distributed- type 

lens/ (light-transmitting layer/) any one of thermal lens forming 
15 devices of above (1) to (10) . 
[0062] 

( 12 ) Refractive -index-distributed- type 

lens/ ( light-transmitting layer/) any one of thermal lens forming 
devices of above (1) to ( 10 )/( light-transmitting layer / ) Refractive 
20 index-distributed-type lens. 
[0063] 

The above "(light-transmitting layer/)" means to provide a 
light-transmitting layer when necessary. In addition, an 
anti-reflection film (AR coating film) may be provided on an entering 
25 surface and an exiting surface of a light beam when necessary. 
[0064] 

Cross-sectional views exemplifying the structure of a thermal 
lens forming device are shown in Figs. 11, 12, and the like. As 
exemplified in Fig. 11, a thermal lens forming device 1 comprises, 
30 for example, a heat-conducting layer film 501/a light absorbing 
layer film and thermal lens forming layer 502/a heat-conducting 
layer film 503 stacked in this order from the entering side for 
a control light beam 121 and a signal light beam 110. 
[0065] 
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Furthermore, a schematic view exemplifying a 
pigment-solution-filling-type thermal lens forming device is shown 
in Fig. 15. As exemplified in Fig. 15, a 

pigment-solution-filling-type thermal lens forming device 800 is 
5 a device produced in a manner that a pigment solution working as 
a combined light-absorbing layer film and thermal lens forming layer 
is filled from an introducing inlet 807 of an introducing pipe 806 
into a pigment solution filling unit 808 of an optical cell 809 
surrounded by entering and exiting surface glass plates 801 and 

10 802 working as heat-conducting layer films, side glass plates 803 
and 804, and a bottom glass plate 805, and the introducing inlet 
807 is closed. That is, this device 800 has a simple device structure 
such as heat-conducting layer film/light-absorbing layer film and 
combined light-absorbing layer film and thermal lens forming 

15 layer/heat-conducting layer film. 
[0066] 

Materials, production methods, and film thicknesses of the 
light-absorbing layer film, the thermal lens forming layer, the 
heat-insulating layer film, the heat-conducting layer film, the 
20 light-transmitting layer, and the 

ref ractive-index-distributed-type lens will be descried below. 
[0067] 

The light-absorbing layer film, the thermal lens forming layer, 
the heat-insulating layer film, the heat-conducting layer film, 

25 the light-transmitting layer, and materials of the 

ref ractive-index-distributed-type lens used in the invention may 
contain known oxidation inhibitors, UV-absorbing agents, singlet 
oxygen quenchers, dispersion assistants, etc. as additives to the 
extent those additives do not influence those films, layers and 

30 materials in order to improve the processability thereof or improve 
stability and durability as an optical device. 
[0068] 

[MATERIALS OF THE LIGHT-ABSORBING LAYER FILM] 

Various known materials may be used as the light-absorbing 
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materials used for the light-absorbing layer film in the thermal 
lens forming device used in the invention. 
[0069] 

Specifically examples of light-absorbing materials which may 
5 be preferably used for the light-absorbing layer film in the thermal 
lens forming device used in the invention include, for example, 
a single crystal of a compound semiconductor such as GaAs, GaAsP, 
GaAlAs, InP, InSb, InAs, PbTe, InGaAsP, ZnSe; materials obtained 
by dispersing fine particles of these compound semiconductor into 

10 a matrix material; a single crystal of a metal halide (for example, 
potassium bromide, sodium bromide, etc. ) doped with ions of another 
metal; materials obtained by dispersing fine particles of these 
metal halides (for example, copper bromide, copper chloride, cobalt 
chloride, etc. ) into a matrix material; a single crystal of cadmium 

15 chalcogenide such as CdS, CdSe, CdSeS, CdSeTe, etc. doped with ions 
of another metal such as copper, etc.; materials obtained by 
dispersing fine particles of these cadmium chalcogenide into a matrix 
material; a semiconductor single crystal thin film such as silicon, 
germanium, selenium, tellurium, etc.; a polycrystalline thin film 

20 or a porous thin film; materials obtained by dispersing fine 

particles of a semiconductor such as silicon, germanium, selenium, 
tellurium, etc. into a matrix material; a single crystal (generally 
called "laser crystal") corresponding to a jewel doped with ions 
of a metal, such as a ruby, an alexandrite, a garnet, a Nd:YAG, 

25 a sapphire, a Ti: sapphire, a NdrYLF, etc.; a ferroelectric crystal 
such as lithium niobate (LiNb0 3 ) , LiB 3 0 5 , LiTa0 3 , KTiOP0 4 , KH 2 P0 4 , 
KNb0 3 , BaB 2 0 2 , etc. doped with ions of a metal (for example, iron 
ions) ; quartz glass, soda glass, boron silicate glass, other glasses, 
or the like, doped with ions of a metal (for example, neodymium 

30 ions, erbium ions, etc.); and, in addition, materials obtained by 
dissolving or dispersing a pigment into a matrix material; and an 
amorphous pigment aggregate. 
[0070] 

Among the above-listed materials, those obtained by dissolving 



28 

or dispersing a pigment into a matrix material are especially 
preferable because such materials offer a wide range for selecting 
the matrix material and the pigment, and because they are easy to 
process into a thermal lens forming device. 
5 [0071] 

Specific examples of pigments that can be preferably used in 
the optically controlled optical-path-switching-type optical 
signal transmission apparatus and the optical signal optical path 
switching method of the invention include, for example, a 

10 xanthene-based pigment such as rhodamine-B, rhodamine-6G, eosin, 
floxin-B, etc.; an acridine-based pigment such as acridine orange, 
acridine red, etc.; an azo pigment such as ethyl red, methyl red, 
etc.; a porphyrin-based pigment; a phthalocyanine-based pigment; 
a naphthalocyanine-based pigment; a cyanine pigment such as 3, 

15 3 1 -diethylthiacarbocyanine iodide, 3, 3 ' -diethyloxadicarbocyanine 
iodide, etc.; a triarylmethane-based pigment such as ethyl violet, 
Victoria blue-R, etc.; a naphthoquinone-based pigment; an 
anthraquinone-based pigment; a 

naphtha lenetetracarboxydiimide -based pigment ; a 
20 perylenetetracarboxydiimide-based pigment; etc. 
[0072] 

In the optically controlled optical-path-switching-type 
optical signal transmission apparatus and the optical signal optical 
path switching method of the invention, any of the pigments may 
25 be used individually, or two or more pigments may be used in 
combination . 
[0073] 

As a matrix material that can be used in the optically controlled 
optical-path-switching-type optical signal transmission apparatus 
30 and the optical signal optical path switching method of the invention, 
any material that satisfies both of the following conditions may 
be used: 

(1) The material has a high transmittance in a wavelength region 
of the light used in the optically controlled 
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optical-path-switching-type optical signal transmission apparatus 
and the optical signal optical path switching method of the invention; 
and 

(2 ) The material is able to solve or disperse with high stability 
5 the pigments or various fine particles that are used in the optically 
controlled optical -path- switching- type optical signal 
transmission apparatus and the optical signal optical path switching 
method of the invention. 

[0074] 

10 Examples of acceptable inorganic solid-state matrix materials 

include, for example, a single crystal of a metal halide, a single 
crystal of a metal oxide, a single crystal of a metal chalcogenide, 
quartz glass, soda glass, boron silicate glass, and, in addition, 
a low-melting-point glass material produced in a generally-called 

15 sol-gel processing method. 
[0075] 

Examples of acceptable inorganic liquid-state matrix materials 
include, for example, water, water glass (a thick water solution 
of alkaline silicate) , hydrochloric acid, sulfuric acid, nitric 
20 acid, aquaregia, chlorsulf onic acid, methanesulf onic acid, and 
trif luoromethansulf onic acid . 
[0076] 

Examples of acceptable organic solvents include, specifically, 
alcohols such as methanol, ethanol, isopropyl alcohol, n-butanol, 
25 amyl alcohol, cyclohexanol , bnzyl alcohol ; polyatomic alcohols such 
as ethylene glycol, diethylene glycol, glycerin, etc.; esters such 
as ethyl acetate, n-butyl acetate, amyl acetate, isopropyl acetate, 
etc.; ketones such as acetone, methylethylketone, 

methylisobutylketone, cyclohexanone, etc; ethers such as diethyl 
30 ether, dibutyl ether, methoxy ethanol, ethoxy ethanol, buthoxy 
ethanol, carbithol, etc.; cyclic ethers such as tetrahydrof uran, 
1, 4-dioxan, 1, 3-dioxoran, etc.; hydrocarbon halides such as 
dichloromethan, chroloform, carbon tetrachloride, 1, 
2-dichloroethane, 1, 1, 2-trichloroethane, trichlene, bromoform, 
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dibromomethane, diiodomethan, etc.; aromatic hydrocarbons such as 
benzene, toluene, xylene, chlorobenzene, o-dichlorobenzene, 
nitrobenzene, anisole, a-chloronaphthalene f etc.; aliphatic 
hydrocarbons such as n-pentane, n-hexane, n-pentane, cyclohexane, 
5 etc .; amides such as N, N-dimethylf ormamide , N, N-dimethylacetamide, 
hexamethylphosphorictriamide, etc.; cyclic amides such as 
N-methylpyrrolidone, etc . ; urea derivatives such as tetramethylurea, 
1, 3-dimethyl-2-imidazolidinone, etc.; sulfoxides such as 
dimethylsulf oxide, etc.; ester carbonates such as propylene 

10 carbonate, etc; nitriles such as acetonitrile, propionitrile, 
benzonitrile , etc. ; nitrogen-containing heterocyclic compounds 
such as pyridine, quinoline, etc.; amines such as triethylamine, 
triethanolamine, diethylaminoalcohol , aniline, etc.; organic acids 
such as chloracetic acid, trichloracetic acid, trif luoroacetic acid, 

15 acetic acid, etc. ; and, in addition, such solvents as nitromethane, 
carbon disulfide, sulfolan, etc. A plurality of these solvents can 
be used also in combination. 
[0077] 

Furthermore, as organic matrix materials, liquid-state, 
20 solid-state, glass-state, or rubber-state organic high-molecule 
materials can be used. Specific examples of those materials include 
resins such as polystyrene, poly (a-methylstyrene) , polyindene, 
poly ( 4-methyl-l-pentene) , polyvinylpyridine, polyvinylf ormal , 
polyvinylacetal, polyvinylbutiral , polyvinyl acetate, polyvinyl 
25 alcohol, polyvinyl chloride, polyvinylidene chloride, 

polyvinylmethyl ether, polyvinylethyl ether, polyvinylbezyl ether, 
polyvinylmethylketone, poly (N-vinylcarbazole ) , 

poly (N-vinylpyrrolidone) , polymethylacrylate, polyethylacrylate, 
polyacrylic acid, polyacrylonitrile, polymethylmethacrylate, 
30 polyethylmethacrylate, polybutylmethacrylate, 

polybenzylmethacrylate , polycyclohexylmethacrylate, 
polymethacrylic acid, polymethacrylamide, polymethacrylonitrile, 
polyacetaldehyde, polychloral, polyethylene oxide, polypropylene 
oxide, polyethylene terephthalate, polycarbonates (bisphenols + 
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carbonic acid) , poly (diethyleneglycol/bisaryl carbonate) , 6-nylon, 
6, 6-nylon, 12-nylon, 6, 12-nylon, polyethylasparaginate, 
polyethylglutaminate, poly lysine, polyproline, 
poly ( Y-benzyl-L-glutamate) , methylcellurose, ethylcellorose, 
5 bezylcellurose, hydroxyethylcellurose, hydroxypropylcellurose, 
acetylcellurose, cellurose triacetate, cellurose tributylate, 
alkyd resin (phthalic anhydride + glycerin) , aliphatic 
acid-denatured alkyd resin (aliphatic acid + phthalic anhydride 
+ glycerin) , unsaturated polyester resin (maleic anhydride + 

10 phthalic anhydride + propyleneglycol ) , epoxy resin (bisphenol + 
epichlorhydrin) , polyurethane resin, phenol resin, urea resin, 
melamine resin, xylene resin, toluene resin, guanamine resin, etc.; 
organic polysilanes such as poly (phenylmethylsilane) , etc.; and 
organic polygermane and copolymers and condensation-copolymer 

15 thereof. Also acceptable are certain high-molecular compounds 
obtained by plasma-polymerizing a compound having no polymerizing 
property in the normal state, etc. , such as carbon bisulfide, carbon 
tetraf luoride, ethylbenzene, per-f luorobenzene, 
per-f luorocyclohexanone or trimethylchlorosilane, etc . 

20 Furthermore, a residual radical of a pigment as a side chain of 
each monomer as a unit, or as a bridging radical of each copolymeric 
monomer asaunit, orasa polymerization starting terminal is combined 
to any one of these organic high-molecular compounds can also be 
used as a matrix material. The residual radical of a pigment and 

25 a matrix material may form chemical bonding. 
[0078] 

Known methods can be used for dissolving or dispersing the 
pigment into these matrix materials. For example, any of the 
below-described methods can be preferably employed. After the 
30 pigment and the matrix material have been solved and mixed in a 
common solvent, the solvent is removed by evaporation; after the 
pigment is solved and mixed in a raw material solution of the inorganic 
matrix material produced in the sol-gel processing method, the matrix 
material is prepared; using a solvent when necessary, the pigment 
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is solved or dispersed in a monomer of the organic high-molecular 
matrix material and, thereafter, the matrix material is prepared 
by polymerizing or condensation-polymerizing the monomer; and, a 
solution obtained by dissolving the pigment and the organic 
5 high-molecular matrix material in a common solvent is dropped into 
a solvent that does not dissolve both the pigment and the thermoplastic, 
high-molecular matrix material , precipitants are filteredof f , dried, 
and heat/melting processed. The aggregation of pigment molecules 
to form special associated bodies known as "H-associated bodies" 

10 and " J-associated bodies" by devising the combination and the 
processing method of the pigment and the matrix material is known, 
and pigment molecules in the matrix material can be used in a state 
where the pigment molecules may form either the aggregated state 
or the associated state. 

15 [0079] 

Furthermore, known methods may be used in order to disperse 
the above-described various fine particles in these matrix materials . 
Examples of steps that may be preferably employed include that, 
after the fine particles have been dispersed in a solution of the 

20 matrix material or a solution of a precursor of the matrix material, 
the solvent is removed; using a solvent when necessary, the fine 
particles are dispersed and the matrix material is prepared by 
polymerizing or condensation-polymerizing the monomer; after metal 
salt such as, for example, cadmium perchlorate or gold chloride 

25 as a precursor of the fine particles has been melted or dispersed 
in the organic high-molecular matrix material, fine particles of 
cadmium sulfide are deposited in the matrix material by processing 
with hydrogen sulfide, or fine particles of gold are deposited in 
the matrix material by heat-processing; chemical vapor deposition 

30 and sputtering; and others. 
[0080] 

In a case wherein the pigment can exist by itself as a thin 
film in an amorphous state that causes little optical dispersion, 
an amorphous film of the pigment can also be used as the 
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light-absorbing layer film without using any matrix material. 
[0081] 

Furthermore, in the case wherein the pigment can exist by itself 
as an aggregation of fine crystals that does not cause optical 
dispersion, a fine crystal aggregation of the pigment can also be 
used as the light-absorbing layer film without using any matrix 
material . As in the thermal lens forming device used in the invention, 
in a case wherein the pigment fine crystal aggregation as a 
light-absorbing layer film exists being laminated with a thermal 
lens forming layer (such as resin, etc.), a heat-conducting layer 
film (such as glass, etc. ) and/or a heat-insulating layer film (such 
as resin, etc.), optical dispersion is not substantially caused 
when the particle diameter of the pigment fine crystal does not 
exceed 1/5 of the wavelength that is the smaller wavelength of that 
the signal light beam and that of the control light beam. 

[0082] 

[COMBINATION AND ORDER OF MATERIAL OF THE LIGHT-ABSORBING LAYER 
FILM, WAVELENGTH BAND OF THE SIGNAL LIGHT BEAM, AND WAVELENGTH BAND 
OF THE CONTROL LIGHT BEAM] 

The material of the light-absorbing layer film, a wavelength 
band of the signal light beam and a wavelength band of the control 
light beam used in the optically controlled 

optical-path-switching-type optical signal transmission apparatus 
and the optical signal optical path switching method of the invention 
can be used by selecting a proper combination thereof according 
to the purpose of use, as a combination thereof. 
[0083] 

As a specific procedure to make settings, for example, first, 
a wavelength or a wavelength band of the signal light beam may be 
determined according to the purpose of use and a combination of 
a material of the light-absorbing layer film and a wavelength of 
the control light beam optimal for controlling the determined 
wavelength or the determined wavelength band of the signal light 
beam may be selected. Alternatively, after a combination of 
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wavelengths of the signal light beam and the control light beam 
have been determined according to the purpose of use, a material 
of the light-absorbing layer film suitable for the determined 
combination may be selected. 
5 [0084] 

As a specific example of such a selection procedure, an example 
will be described wherein a near-infrared light beam having a 
wavelength of 850nm, 1350nm, or 1550nm oscillated from a 
semiconductor laser and which can be modulated at an ultra-high 

10 speed on the order of gigahertz is used as the signal light beam, 
wherein this light beam is switched between optical paths by the 
control light beam of a plurality of visible light beam wavelength 
bands. As a light source of the control light beam, a continuous 
wave (CW) oscillation laser that can be turned on and off at a response 

15 speed greater than sub-millisecond can be preferably used. Examples , 
listed in order of increasing wavelength, include a blue-violet 
or blue semiconductor laser light beam having a wavelength of 405 
to 445nm; a light beam obtained by converting a light beam having 
a wavelength of 1064nm of a semiconductor-excited Nd: YAG laser 

20 into a green light beam of 532nm by a second order non-linear optical 
device; a red semiconductor laser light beam of 635nm or 670nm; 
and a near-infrared laser light beam of 780nm or 800nm. As a pigment 
that shows absorption in these wavelength bands for the control 
light beam and does not absorb a near infrared light beam of 850nm 

25 or 1550nm, for example, two (2) or more of such pigments can be 
selected and preferably used respectively as: for example, N, 
NT -bis (2, 5-di-tert-butylphenyl) -3, 4, 9, 
10-perylenedicarboxyimide) [1] , 
[Chem 1] 




[R = C(CH 3 ) 3 ] 
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Copper (11) 2, 9, 16, 23-tetra- tert-butyl-29H, 31H-phthalocyanine 
[2] , 

[Chem 2] 




(H 3 C) 3 C 
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etc. Any one of these pigments has high light resistance and heat 
resistance and is especially preferable as the pigment for the 
5 light-absorbing layer film to form a thermal lens in the optically 
controlled optical-path-switching- type optical signal 
transmission apparatus and the optical signal optical path switching 
method of the invention. Transmittance spectra of tetrahydrof uran 
solutions of the pigments [1], [2], and [3] are shown in Fig. 16 
10 by a solid line, a broken line, and a dotted dashed line , respectively. 
Although not shown in Fig. 16, these pigment solutions have a 
transmittance of 98% or higher in a near infrared region of 900 
to 1550nm. 

[0085] 

15 Relationships between the oscillation frequency of the control 

light beam laser and the transmittance spectra of these pigments 
are as shown in Table 1. 
[0086] 



[Table 1] 





Pigment 
Number 


Laser Oscillation Wavelength [run] 


445 


532 


635 


650 


670 


780 


800 


850 


Transmitt 
ance 


[1] 


3\ 59 


0.10 


97.08 


97.36 


97.33 


97. 67 


97.15 


98.64 


[2] 


93.64 


81. 67 


2.32 


0.78 


0.00 


97.23 


98.37 


99.63 


[3] 


52.19 


89.90 


88.72 


81.56 


73.35 


9.06 


0.12 


89.00 



20 

[0087] 

As can be seen from Table 1, the pigment [1] is preferable as 
a material of the light-absorbing layer film of the thermal lens 
forming device that absorbs the control light beamhaving a wavelength 

25 of 445 to 532nm. Similarly, the pigment [2] is preferable as a 
material of the light-absorbing layer film responding to a wavelength 
of 635 to 670nm, and the pigment [3] is preferable as a material 
of the light-absorbing layer film responding to a wavelength of 
780 to 800nm. These pigments can be used by dissolving the pigments 

30 in the above solvent and filling the solution in the optical cell, 
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or by dissolving the pigments in the organic high-molecular material 
and sandwiching the solution between the heat-conducting layer films, 
or by forming the pigments in a film as a spin-coated film or a 
vapor-deposited film on the heat-conducting layer film. 
5 [0088] 

When two or more of these pigments are selected and used, it 
is preferable to use optical path switching mechanisms containing 
thermal lens forming devices responding to the absorption wavelength 
bands of each pigment, connecting these mechanisms starting from 

10 the one for the smallest wavelength. That is, the absorption bands 
and non-absorption bands of each of the pigments can be overlapped 
ef f iciently andusedby, for example, using the pigment s in a two-stage 
configuration of the pigment [1] for an optical path switching 
mechanism in a first stage and the pigment [2] or the pigment [3] 

15 for a second stage, or in a three-stage configuration of the pigment 
[1] for the first stage, the pigment [2] for the second stage and 
the pigment [3] for a third stage. 
[0089] 

[COMPOSITION OF MATERIAL OF LIGHT-ABSORBING LAYER FILM, FILM 
20 THICKNESS OF LIGHT-ABSORBING LAYER FILM IN LIGHT-ABSORBING LAYER 
FILM AND FILM THICKNESS OF THERMAL LENS FORMING LAYER] 

In the thermal lens forming device used in the optically 
controlled optical -path- switching- type optical signal 
transmission apparatus and the optical signal optical path switching 
25 method, the light-absorbing layer f ilmmay be a laminated-layer-type 
thin film having any one of a single-layer-film structure of " 
light-absorbing film" alone, or a two-layer structure of 
"light-absorbing film/thermal lens forming layer", or a three-layer 
structure of "light-absorbing film/thermal lens forming 
30 layer/light-absorbing film". It is preferable that the thickness 
of the whole light-absorbing layer film does not exceed a length 
that is twice as long as a confocal distance of the control light 
beam that has been converged. Furthermore, when a higher response 
speed is desired, it is preferable that the thickness of the 
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light-absorbing layer film comprising the stacked-layer-type thin 
films does not exceed the confoeal distance of the control light 
beam that has been converged. 
[0090] 

5 Under these conditions, the composition of the material of the 

light-absorbing layer film and a thickness of the light-absorbing 
films in the light-absorbing layer film can be set relative to the 
transmittance of the control light beam and the signal light beam 
transmitting the light-absorbing layer film as a combination of 

10 these items. For example, among the compositions of the material 
of the light-absorbing layer film, first, the density of at least 
a component that absorbs the control light beam or the signal light 
beam is determined and, then, the thickness of the light-absorbing 
film(s) in the light-absorbing layer film may be set such that the 

15 transmittance of the control light beam and the signal light beam 
transmitting the thermal lens forming device is of a specific value. 
Alternatively, first, for example, the thickness of the 
light-absorbing films in the light-absorbing layer film is set at 
a specific value in response to the necessity in the apparatus 

20 designing. Thereafter, the composition of the material of the 
light-absorbing layer film can be adjus.ted such that the 
transmittance of the control light beam and the signal light beam 
transmitting the thermal lens forming device becomes a specific 
value . 

25 [0091] 

The values of the transmittance of the control light beam and 
the signal light beam transmitting the light-absorbing film, optimal 
for bringing out a thermal lens effect of a sufficient magnitude 
and at a high speed with as low power as possible from the thermal 
30 lens forming device used in the optically controlled 

optical-path-switching-type optical signal transmission apparatus 
and the optical signal optical path switching method of the invention, 
are respectively as described in the following. 
[0092] 
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In the thermal lens forming device used in the optically 
controlled optical -path- switching- type optical signal 
transmission apparatus and the optical signal optical path switching 
method of the invention, it is recommended that control of the density 
5 and the existing state of the light-absorbing component in the 
light-absorbing layer film and setting of the film thickness of 
the light-absorbing films in the light-absorbing layer film are 
carried out such that the transmittance of the control light beam 
propagating the light-absorbing layer film in the thermal lens 
10 forming device becomes 90% to 0%. 
[0093] 

On the other hand, when the control light beam is not irradiated, 
it is recommended that control of the density and the existing state 
of the light-absorbing component in the light-absorbing layer film 

15 and setting of the film thickness of the light-absorbing films in 
the light-absorbing layer film be carried out such that the 
transmittance of the signal light beam propagating the 
light-absorbing layer film in the thermal lens forming device becomes 
10% as the lower limit or higher and approaches unlimitedly 100% 

20 as the upper limit. 
[0094] 

The lower limit of the thickness of the thermal lens forming 
layer film in the light-absorbing layer film is selected according 
to thematerial of the thermal lens forming layer describedas follows . 
25 [0095] 

[MATERIAL OF THERMAL LENS FORMING LAYER AND THE FILM THICKNESS OF 
THERMAL LENS FORMING LAYER IN THE LIGHT-ABSORBING LAYER FILM] 

Although the single-layer light-absorbing film may itself 
function as the thermal lens forming layer, other materials may 
30 be assigned the functions of light absorption and lens formation, 
and the optimal materials selected may be employed by stacking the 
materials . 

[0096] 

As the material of the thermal lens forming layer in the 



40 

light-absorbing layer film, a liquid, liquid crystal, and solid 
material can be used. Especially, it is preferable that the thermal 
lens forming layer comprises an organic compound selected from a 
group consisting of an amorphous organic compound, an organic 
5 compound liquid, and a liquid crystal. However, in the case where 
the material of the thermal lens forming layer is liquid crystal 
or liquid, the thermal lens forming layer can be produced by, for 
example, forming the light -absorbing film and/ or the heat-conducting 
layer film from a self -form-maintaining material, providing a cavity 

10 having the size corresponding to the thickness of the thermal lens 
forming layer, and injecting the thermal lens forming layer material 
in a fluid state. On the other hand, when the material of the thermal 
lens forming layer is a solid, the light-absorbing f ilmmay be produced 
by stacking the light-absorbing film on one (1) side or both sides 

15 of the thermal lens forming layer. 
[0097] 

The material of the thermal lens forming layer may not be a 
single material and, for example, may be formed from a plurality 
of stacked solid layers, or may be formed from stacked solid and 
20 liquid layers. 

[0098] 

The thickness of the thermal lens forming layer may be between 
several nanometers to 1mm and, more preferably between several tens 
nanometers to several hundred pm, depending on the kind of the material 
25 used. 

[0099] 

As described above, it is preferable that the total thickness 
of the light-absorbing layer film obtained by stacking the thermal 
lens forming layer and one (1) or two (2) light-absorbing films 
30 does not exceed twice the confocal distance of the control light 
beam that has been converged. 
[0100] 

Although any of liquid, liquid crystal, and solid material can 
be used as the material of the thermal lens forming layer in the 
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light-absorbing layer film, for any of these materials, the 
refractive index of the material should exhibit a high degree of 
temperature dependence . 
[0101] 

5 The material property values of the temperature dependence of 

the refractive index of the typical organic compound liquids and 
water are described in literature [D. Solimini: J. Appl . Phys . , 
vol. 37, 3314 (1966)]. The variation of refractive index with 
temperature for a light beam having the wavelength of 633nm [unit: 
10 1/K] is larger in alcohols such as methanol (3.9><10~ 4 ) than in water 
(0.8*10~ 4 ), and is much larger in non-hydrogen-bonding organic 
solvents such as cyclopentane (5.7><10~ 4 ), benzene (6-. 4><10~ 4 ), 
chloroform (5.8*10" 4 ), carbon dichloride (7.7*10~ 4 ). 
[0102] 

15 When liquid crystal is used as the material of the thermal lens 

forming layer in the light-absorbing layer film, any known liquid 

crystal can be used. Specifically, any of the following materials 

may be used as liquid crystal: various cholesterol derivatives; 

4 1 -alkoxybenzylidene-4-cyanoanilines such as 
20 4 1 -n-butoxybenzylidene-4-cyanoaniline and 

4 1 -n-hexylbenzylidene-4-cyanoaniline; 

4 ' -alkoxybenzylideneanilines such as 

4 ? -ethoxybenzylidene-4-n-butylaniline, 

4 1 -methoxybenzylideneaminoazobenzene, 
25 4- ( 4 1 -methoxybenzyldene) aminobiphenyl , and 

4 - ( 4 1 -methoxybenzylidene) aminostilbene ; 

4 1 -cyanobenzylidene-4-alkoxyanilines such as 

4 1 -cyanobenzylidene-4-n-butoxyaniline and 

4 1 -cyanobenzylidene-4-n-hexyloxyaniline; carbonated esters such 
30 as 4 1 -n-butoxycarbonyloxybenzylidene-4-methoxyaniline and 
p-carboxyphenyl • n-amylcarbonate, n-heptyl • 

4- (4 1 -ethoxyphenoxycarbonyl ) phenylcarbonate ; 4-alkylbenzoic 
acid • 4 1 -alkoxyphenyl esters such as 4-n-butylbenzoic acid • 
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4 1 -ethoxyphenyl, 4-n-butylbenzoic acid • 4 ' -octyloxyphenyl , 
4-n-pentylbenzoic acid* 4 1 -hexyloxyphenyl ; azoxybenzene 
derivatives such as 4, 4 ' -di-n-amyloxyazoxybenzene, 4, 
4 f -di-n-nonyloxyazoxybenzene; 4-cyano-4 1 -alkylbiphenyls such as 
5 4-cyano-4 1 -n-octylbiphenyl , 4-cyano-4 1 -n-dodecylbiphenyl : and 
ferroelectric liquid crystal such as (2S, 

3S) -3-methyl-2-chloropentanoic acid • 4 1 , 4 1 1 -octyloxybiphenyl , 
4 ' - (2-methylbutyl) biphenyl-4-carboxylic acid * 4-hexyloxyphenyl, 
and 4 1 -octylbiphenyl-4-carboxylic acid* 4- ( 2-methylbutyl ) phenyl . 
10 [0103] 

When a solid material is used as the material of the thermal 
lens forming layer in the light-absorbing layer film, an amorphous 
organic compound that causes little optical dispersion and has high 
dependence on temperature of the refractive index thereof is 

15 especially preferable. Specifically, similarly to the matrix 

material described above, compounds known as optical resins can 
be preferably selected and used. Variation with temperature of the 
refractive index [unit: 1/K] of optical resins is 1.2*10" 4 for poly 
(methylmethacrylate) , 1.4><10" 4 for polycarbonate, and 1.5*10~ 4 for 

20 polystyrene, according to the Technical Information Association 
publication "Development and Properties of the Latest Optical Resins 
and Design and Forming Techniques of High-Precision Parts" 
[Technical Information Association (1993), p. 35]. These resins 
can be preferably used as the material of the thermal lens forming 

25 layer in the light-absorbing layer film. 
[0104] 

The above organic solvents have an advantage that the 
temperature dependence of refractive index thereof is higher than 
that of the above optical resins. However, the organic solvents 
30 have a problem that the solvents boil when the increase in temperature 
resulting from irradiation with the control light beam heats to 
organic solvents to their respective boiling points (No such arises 
when a high-boiling point solvent is used) . In contrast, an optical 
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resin from which volatile impurities have been thoroughly removed, 
for example, polycarbonate can be used under harsh conditions wherein 
the increase in temperature resulting from irradiation with the 
control light beam exceeds 250°C. 
5 [0105] 

[HEAT- INSULATING LAYER FILM] 

When a gas is used as the heat-insulating layer film, in addition 
to air, inert gases such as nitrogen, helium, neon, argon, etc. 
can be preferably used. 
10 [0106] 

When a liquid is used as the heat-insulating layer film, any 
liquid can be used as long as the heat conductivity of the liquid 
is equal to that of the light-absorbing layer film or smaller than 
that of the light-absorbing layer film, the liquid transmits the 

15 control light beam and the signal light beam, and the liquid does 
not melt or corrode the material of the light-absorbing layer film. 
For example, liquid paraffin can be used when the light-absorbing 
layer film comprises polymethylmethacrylate containing a cyanine 
pigment. 

20 [0107] 

When a solid is used as the heat-insulating layer film, any 
solid can be used as long the solid has a heat conductivity equal 
to that of the light-absorbing layer film (the light-absorbing film 
and the thermal lens forming layer) or smaller than that of the 

25 light-absorbing layer film, transmits the control light beam and 
the signal light beam and does not react with the material of the 
light-absorbing layer film and the heat-conducting layer film. For 
example, polymethylmethacrylate not containing any pigment [having 
the heat conductivity of 0.15W/mK at 300K] can be used when the 

30 light-absorbing layer film comprises polymethylmethacrylate 
containing a cyanine pigment. 
[0108] 

[MATERIAL OF HEAT-CONDUCTING LAYER FILM] 

A material having larger heat conductivity than that of the 
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light-absorbing layer film is preferable as the material of the 
heat-conducting layer film, and any material can be used when the 
material transmits the control light beam and the signal light beam 
and does not react with the materials of the light-absorbing layer 
5 film and the heat-insulating layer film. Examples of usable 

materials having high heat-conductivity and small light absorption 
in wavelength bands in the visible spectrum include, for example, 
diamond [having a heat conductivity of 900W/mK at 300K] , sapphire 
[having a heat conductivity of 46W/mK at 300K] , a single quartz 
10 crystal [having a heat conductivity of 10 . 4W/mK at 30 OK in a direction 
parallel to c-axis] , quartz glass [having a heat conductivity of 
1 . 38W/mK at 300K] , hard glass [having a heat conductivity of 1 . lOW/mK 
at 300K] , etc. 
[0109] 

15 [MATERIAL OF LIGHT-ABSORBING LAYER] 

In the thermal lens forming device used in the invention, a 
ref ractive-index-distributed-type lens functioning as means for 
converging the control light beam may be provided stacked on the 
side through which the control light beam enters the 

20 light-transmitting layer and materials. For this lens, solid 

materials similar to those of the heat-insulating layer film and/or 
the heat-conducting layer f iOlm can be used. The light-transmitting 
layer is provided not only for improving the efficiency of 
transmission of the control light beam and the signal light beam, 

25 but also for adhering the ref ractive-index-distributed-type lens 
as an element constituting the thermal-lens forming device. Among 
UV-curing-type resins and electron-beam-curing-type resins, those 
having high light transmittance in the wavelength bands of the control 
light beam and the signal light beam can be especially preferably 

30 employed. 

[0110] 

[METHOD OF PRODUCING THERMAL LENS FORMING DEVICE] 

A method of producing the thermal lens forming device used in 
the present invention can be selected in consideration of the 
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configuration of the thermal lens forming device and the materials 
used, and any suitable known method can be used. 
[0111] 

For example, when the material of the light absorbance used 
5 for the light-absorbing film in the thermal lens forming device 
is a single crystal as described above, the light-absorbing film 
can be produced by cutting and polishing process the single crystal. 
[0112] 

In another example, when a thermal lens forming device having 
10 a "heat-conducting layer film/light-absorbing film/thermal lens 
forming layer/light-absorbing film/heat-conducting layer film" 
configuration for which the light-absorbing film comprising the 
matrix material containing a pigment is produced, and in which the 
thermal lens forming layer comprising an optical resin and optical 
15 glass as .the heat-conducting layer film are combined, the 

light-absorbing film can be first produced on the heat-conducting 
layer film by any of the methods listed hereafter. 
[0113] 

A method may be used of forming the light-absorbing film by 
20 coating a solution dissolving the pigment and the matrix material 
on a glass plate used as the heat-conducting layer film by a coating 
method such as an applying method, a blade coating method, a roll 
coating method, a spin-coating method, a dipping method, a spraying 
method, etc., or by printing the solution on the glass plate by 
25 a printing method such as planography, relief printing, intaglio 
printing, mimeograph, screen printing, transferring, etc. In 
conjunction with any of these methods, a method of producing an 
inorganic matrix material by the sol-gel method can also be utilized 
for forming the light-absorbing film. 
30 [0114] 

Electrochemical film-forming techniques such as an 
electro-deposition method, an electrolytic polymerization method, 
amicelle electrolysis method (Japanese Patent Laid-Open Publication 
No. 1988-243298) ,. etc. can be used. 
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[0115] 

Furthermore, the Langmuir-Blodgett method that transfers a 
mono-molecular film formed on water can also be used. 
[0116] 

5 As methods of utilizing reactions of polymerization or 

condensation-polymerization of a raw material monomer, in the case 
where the monomer is liquid, a cast ing method, a reaction • injection 
molding method, a plasma polymerization method, a 
photo-polymerization method, etc. are among methods that can be 
10 employed. 

[0117] 

Additional applicable methods include a sublimation transfer 
method, a vapor-depositionmethod, a vacuum vapor-deposition method, 
an ion beam method, a sputtering method, a plasma polymerization 
15 method, a CVD method, an organic molecular beam vapor-deposition 
method, etc. 
[0118] 

A method of producing a composite-type optical thin film 
(Japanese Patent Registration No . 2599569) can be utilized, wherein 
20 an organic optical material having two (2) or more components in 
a solution state or a dispersed liquid state is deposited on a 
substrate by spraying the material into a high-vacuum container 
froma spray nozzle provided for each component and is heat-processed. 
[0119] 

25 The above-described methods of producing the solid 

light-absorbing film can also be preferably used in, for example, 
when the heat-insulating film comprising a solid organic 
high-molecular material. 
[0120] 

30 Next, when the thermal lens forming layer is produced using 

the thermo-plastic optical resin, an element having a configuration 
of "heat-conducting layer film/light-absorbing film/thermal lens 
forming layer /light-absorbing film/heat-conducting layer film" can 
be produced for use as the thermal-lens forming device using a vacuum 
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hot-pressing method (Japanese Patent Laid-Open Publication No. 
1992-99609) . That is, the laminated-layer-type thin film device 
having the above configuration can be produced by sandwiching powder 
or a sheet of the thermoplastic optical resin by two (2) 
5 heat-conducting layer films (glass plates) having respectively a 
light-absorbing film formed on the surface thereof by the method 
described above, and heating and pressing these films and resin. 

[0121] 
[OPTICAL CELL] 

10 The optical cell used in the pigment-solution-filling-type 

thermal lens forming device has a function of holding the pigment 
solution and another function of effectively providing a shape to 
the pigment solution and causing the pigment solution to work as 
a combined light-absorbing layer film and thermal lens forming layer 

15 and, furthermore, has another function of receiving the converged 
and irradiated signal light beam and the control light beam and 
causing the signal light beam and the control light beam to propagate 
to the above-described light-responding composition, and yet another 
function of causing the diverging signal light beam to propagate 

20 and exit after transmitting the light-responding composition. 
[0122] 

The shape of the optical cell used in the 
pigment-solution-filling-type thermal lens forming device can be 
roughly classified into an "outer shape" and an "inner shape". 
25 [0123] 

As the outer shape of the optical cell, a plate shape, a cuboidal 
shape, a columnar shape, a semi-cylindrical shape, a 
quadrangular-prism shape, a triangular-prism shape, etc. is used 
according to the configuration of the optically controlled 
30 optical-path-switching-type optical signal transmission apparatus 
of the invention. 
[0124] 

The inner shape of the optical cell is, i.e., the shape of a 
pigment solution filling unit, and effectively gives a shape to 
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the pigment solution. Specifically, the inner shape of the optical 
cell can be properly selected from, for example, a thin-film shape, 
a thick-film shape, a plate shape, a cuboidal shape, a columnar 
shape, a semi-cylindrical shape, a quadrangular-prism shape, a 
triangular-prism shape, a convex-lens shape, a concave-lens shape, 
etc. according to the configuration of the optically controlled 
optical-path-switching-type optical signal transmission apparatus 
of the invention. 
[0125] 

As the configuration and the material of the optical cell, any 
combination of configurations and materials that satisfies the 
following conditions can be used as desired: 

[0126] 

(1) the outer shape and the inner shape described above are 
precisely maintained under actual use conditions; 

[0127] 

(2) the material is inert to a pigment solution; 
[0128] 

(3) variations of composition resulting from emanation, 
permeation, or osmosis of the components constituting the pigment 
solution are prevented; and 

[0129] 

(4) the pigment solution is prevented from degrading due to 
contact with gases or liquids such as oxygen, water, etc. present 
in the environment during use. 

[0130] 

As specific examples of materials of the optical cell, materials 
that can be preferably used regardless of the kind of the pigment 
include various optical glass such as soda glass, boron silicate 
glass; quartz glass; sapphire, etc. When the solvent of the pigment 
solution is water or alcohol, plastics such as poly (methyl 
methacrylate ) , polystyrene, polycarbonate, etc. can also be used. 

[0131] 

However, among the conditions described above, the function 



of preventing variation of the composition and degradation of the 
pigment solution may be exerted only within the range of the designed 
life as the thermal lens forming device. 
[0132] 

5 An optical cell having an integrated configuration 

incorporating other optical elements, i.e., the condenser lens, 
the light-receiving lens, the wavelength selecting and transmitting 
filter, etc. into the optical cell can be employed. 
[0133] 

10 [CALCULATION OF BEAM WAIST DIAMETER] 

In order to effectively utilize the thermal lens effect in the 
optically controlled optical-path-switching-type optical signal 
transmission apparatus and the optical signal optical path switching 
method of the invention, it is preferable that the shape and the 

15 size of the beam cross section of the signal light beam and the 
control light beam are set respectively such that the magnitude 
of the beam cross-sectional area of the signal light beam in the 
area having the highest photon density in the vicinity of a focal 
point (the point on which light is concentrated), i.e., the beam 

20 waist, does not exceed the magnitude of the beam cross-sectional 
area of the control light beam at the beam waist. 
[0134] 

Now, a case wherein the distribution of amplitudes of the 
electric field of the beam cross section in the direction of traveling, 
25 i.e., the energy distribution of the light flux is the Gaussian 
distribution, will be described. In the following description, 
although an example wherein a condenser lens 

(ref ractive-index-distributed-type lens) is used as beam converging 
means will be described, the same description can be applied even 
30 when the converging means is a concave mirror or a 
ref ractive-index-dispersed-type lens . 
[0135] 

A view of a light beam flux and wave fronts 300 in the vicinity 
of a focal point 301 when a Gaussian beam is converged at a divergence 
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angle of 29 by a condenser lens 31, etc. of Fig. 4 is shown in Fig. 
17. Here, the position at which the diameter 2co of the Gaussian 
beam having a wavelength A reaches its minimum value is referred 
to as the beam waist, and the beam waist diameter is hereinafter 
5 represented by 2coo- 2coo does not become zero (0) and has a finite 
value because of the diffraction effect of light. The definition 
of beam radiuses co and co 0 is that these lengths are obtained by measuring 
distances from the beam center to the position at which energy becomes 
1/e 2 (e is the base of the natural logarithm) relative to the energy 
10 at the beam central portion of the Gaussian beam, and the beam diameter 
is represented by 2co or 2co 0 . Obviously, the photon density is highest 
at the center of the beam waist. 
[0136] 

For a Gaussian beam, a beam divergence angle 9 at a position 
15 sufficiently far away from the beam waist thereof is correlated 
with the wavelength A thereof and the beam waist radius co 0 by the 
following Equation [4]. 

[0137] 
(Math 1) 
20 n • 9 • co 0 ^ A ... [4] 

Here, n is the ratio of the circumference of a circle to the 
diameter thereof. 
[0138] 

When the above Equation [4] is used under the condition that 
25 is sufficiently far away from the beam waist, the beam waist radius 
co 0 of the beam waist created by concentrating the light beam using 
a condenser lens can be calculated from the beam radius co of the 
light beam entering into the condenser lens and the numerical aperture 
and the focal distance of the condenser lens. 
30 [0139] 

Furthermore, the beam waist diameter 2co 0 in the case where a 
parallel Gaussian beam (wavelength A) having a beam radius co is 
converged by a condenser lens having an effective aperture radius 
"a" and a numerical aperture NA can be generally represented by 
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the following Equation [5] . 

[0140] 
(Math 2) 

2co 0 - k • A/NA ...[5] 

[0141] 

Here, because a coefficient k can not be solved algebraically, 
the coefficient k can be determined by carrying out numerical 
analytical calculation of the optical intensity distribution on 
a lens imaging plane. 

[0142] 

When the numerical analytical calculation is carried out 
changing the ratio of the beam radius co entering the condenser lens 
and the effective aperture radius a of the condenser lens, the value 
of the coefficient k in the Equation [5] can be obtained as follows. 

[0143] 
(Math 3) 

When a/co =1, k = 0.92; 

When a/co = 2, k ^ 1.3; 

When a/co = 3, k ^ 1.9; and 

When a/co = 4 , k 3. 

[0144] 

That is, as the beam radius co becomes smaller than the effective 
aperture radius a of the condenser lens, the beam waist radius co 0 
becomes larger. 

[0145] 

For example, when a signal light beam having a wavelength of 
780nm is converged using a lens having a numerical aperture of 0.25 
and an effective aperture radius of approximately 5mm as a condenser 
lens, and the beam radius co of a beam entering the condenser lens 
is 5mm, then a/co is approximately one (1) and the beam waist radius 
co 0 is calculated to be 1.4pm. Similarly, when co is 1.25mm, then a/co 
is approximately four (4) and co 0 is calculated tobe 4 . 7pm. Similarly, 
when the control light beam having a wavelength of 633nm is converged, 
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if the beam radius co is 5mm, then, a/co is approximately one (1) 
and the beam waist radius co 0 is 1.2]im; if co is 1.25mm, then, a/co 
is approximately four (4) and co 0 is 3.8yim. 
[0146] 

5 As can be clearly seen from the above examples of calculations, 

in order to minimize the cross-sectional area of a light beam at 
the area having the highest photon density in the vicinity of a 
focal point of a condenser lens, i.e., the beam waist, the beam 
diameter may be expanded (beam expanding) until the intensity 

10 distribution of the light beam entering the condenser lens becomes 
almost that of a plane wave. Furthermore, it is understood that 
the beam waist diameter becomes smaller as the wavelength of the 
light becomes shorter when the beam diameters of the beams entering 
the condenser lens are the same. 

15 [0147] 

As described above, in-order to effectively utilize the thermal 
lens effect in the optically controlled optical-path-switching-type 
optical signal transmission apparatus and the optical signal optical 
path switching method of the invention, it is preferable that the 

20 shape and the size of the beam cross section of the signal light 
beam and the control light beam are set respectively such that the 
magnitude of the beam cross-sectional area of the signal light beam 
in the area having the highest photon density in the vicinity of 
a beam waist does not exceed the magnitude of the beam cross-sectional 

25 area of the control light beam at the beam waist. In a case wherein 
Gaussian beams are used as both the signal light beam and the control 
light beam, it can be ensured that the magnitude of the beam 
cross-sectional area of the signal light beam in the area having 
the highest photon density in the vicinity of the beam waist will 

30 not to exceed the magnitude of the beam cross-sectional area of 
the control light beam at the beam waist thereof by adjusting the 
beam diameters of the signal light beam and the control light beam 
in the state where these light beams are parallel beams respectively 
before being converged by converging means such as a condenser lens, 
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etc., in response to the wavelengths of these beams, by expanding 
the beam when necessary, according to the above description and 
above equations for calculation. As means for expanding a light 
beam, known means such as, for example, a Keplerian optical system 
5 comprising two (2) convex lenses may be used. 
[0148] 

[CALCULATION OF CONFOCAL DISTANCE Zc] 

In general, a converged Gaussian light beam can be approximated 
as a parallel light beam in the vicinity of the beam waist of the 

10 light flux converged by converging means such as a convex lens, 
i.e., a section between the confocal distances Zc sandwiching a 
focal point . The confocal distance Zc can be represented by Equation 
[6] that uses the ratio of the circumference of a circle to the 
diameter thereof n, the beam waist radius co 0 , and the wavelength 

15 A. 

[0149] 
(Math 4) 

Zc =nco 0 2 /A ...[6] 
[0150] 

20 By substituting the Equation [5] for co 0 of the Equation [6], 

an Equation [7] is obtained. 

[0151] 
(Math 5) 

Zc n(k/NA) 2 A/4 ...[7] 
25 [0152] 

For example, when a signal light beam having a wavelength of 
780nm is converged using a lens having a numerical aperture of 0.25 
and an effective aperture radius of approximately 5mm as a condenser 
lens, if the beam radius go of the light beam entering the condenser 
30 lens is 5mm, then, a/co is approximately one (1) , the beam waist 
radius co 0 is 1.4pm and the confocal distance Zc is calculated to 
be 8 . 3pm and, if co is 1.25mm, then, a/co is approximately four (4), 
co 0 is 4.7pm and the confocal distance Zc is calculated to be 88pm. 
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Similarly, when the control light beam having a wavelength of 633nm 
is converged, if the beam radius co is 5mm, then, a/co is approximately 
one (1), the beam waist radius co 0 is 1 . 2iam and the confocal distance 
Zc is calculated to be 6.7ym and, if co is 1.25mm, then, a/co is 
5 approximately four (4), co 0 is 3.8pm and the confocal distance Zc 
is calculated to be 71iam. 
[0153] 

[OPTIMAL FILM THICKNESS OF LIGHT-ABSORBING LAYER FILM] 

Experimental results determined by producing samples while 

10 varying the thickness of the thermal lens forming device without 
changing the thickness of the one (1) or two (2) light-absorbing 
films constituting the light-absorbing layer film and conducting 
experiments for a plurality of thermal lens forming devices having 
different thickness and a constant optical density revealed the 

15 optical response speed of the thermal lens effect was sufficiently 
high when the a distance twice as large as the confocal distance 
Zc calculated as described above was set as the upper limit of the 
film thickness of the light-absorbing layer film. 
[0154] 

20 As to the lower limit of the film thickness of the light -absorbing 

layer film, it is preferable that the light-absorbing layer film 
be made as thin as possible while preserving the thermal lens effect . 
[0155] 

[FILM THICKNESS OF HEAT-INSULATING LAYER FILM] 

25 Optimal values for the film thickness of the heat-insulating 

layer film (the lower limit value and the upper limit value) are 
those that maximize the magnitude or the speed of the optical response . 
These values can be determined experimentally according to the 
configuration of the thermal lens forming device, the material and 

30 the thickness of the light-absorbing layer film, the material of 
the heat-insulating layer film, the material and the thickness of 
the heat-conducting layer film, etc. For example, in a case wherein, 
using the ordinary boron silicate glass as the heat-conducting layer 
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film, polycarbonate as the material of the heat-insulating layer 
film and the thermal lens forming layer, and a vapor-deposited film 
of platinaphthalocyanine as the light-absorbing film, a thermal 
lens forming device is produced, that has a configuration of glass 
5 (heat-conducting layer film having a film thickness of 
lSOjjm) /polycarbonate resin layer (heat-insulating 
layer) /platinaphthalocyanine -vapor-deposited film 
(light-absorbing film having a film thickness of 

0 . 2\im) /polycarbonate resin layer (thermal lens forming layer having 
10 a thickness of 20pm) / platinaphthalocyanine-vapor-deposited film 
(light-absorbing film having a film thickness of 0.2ym/ 
polycarbonate resin layer (heat-insulating layer) /glass 
(heat-conducting layer film having a thickness of 150yim) , the 
thickness of the heat-insulating layer film is preferably from 5nm 
15 to 5pm and, more preferably, is 50nm to 500nm. 
[0156] 

[FILM THICKNESS OF HEAT-CONDUCTING LAYER FILM] 

Optimal values for the thickness of the heat-conducting layer 
film (in this case, the lower limit value) are values that maximize 

20 the magnitude or the speed of the optical response. Such values 
can be determined experimentally according to the configuration 
of the thermal lens forming device, the material and the thickness 
of the light-absorbing layer film, the material and the thickness 
of the heat-insulating layer, the material of the heat-conducting 

25 layer film, etc. For example, in the case where, using the ordinary 
boron silicate glass as the heat-conducting layer film, 
polycarbonate as the material of the heat-insulating layer film 
and the thermal lens forming layer, and a vapor-deposited film of 
platinaphthalocyanine as the light-absorbing film, a thermal lens 

30 forming device is produced, that has a configuration of glass 
(heat-conducting layer film having a film thickness of 
150|im) /polycarbonate resin layer (heat-insulating 
layer) /plat inaphthalocyanine- vapor-deposited film 
(light-absorbing film having a film thickness of 
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0.2ym) /polycarbonate resin layer (thermal lens forming layer having 
a thickness of 20pm) / plat inaphthalocyanine-vapor-deposited film 
(light-absorbing film having a film thickness of 0.2pm/ 
polycarbonate resin layer (heat-insulating layer) /glass 
5 (heat-conducting layer film having a thickness of 150pm) , the lower 
limit of the thickness of the heat-conducting layer film is preferably 
10pm and, more preferably, 100pm. The upper limit of the thickness 
of the heat-conducting layer film in terms of the magnitude or the 
speedof the optical response is not especially constrained. However, 
10 it is necessary to design this thickness matching this thickness 
with the types, focal distances and working distances of the condenser 
lens and the light-receiving lens used. 
[0157] 

[OPERATION PRINCIPLE AND OPERATING MODE OF OPTICAL PATH SWITCHING 

15 MECHANISM USING THERMAL LENS EFFECT] 

Views for describing the operation principles of an optical 
path switching mechanism 91 as the minimum unit that configures 
an optical switch used in the present invention are shown in Figs. 
11, 12, 13, and 14. In these figures, a thermal lens forming device 

20 1 has a structure in which a heat-conducting layer film 501, a light 
absorbing layer film and thermal lens forming layer 502, and a 
heat-conducting layer film 503 are stacked in that order . A Gaussian 
beam, in which the intensity distribution on a cross section of 
the laser beam used as a control light beam shows a Gaussian 

25 distribution, is employed. Converging a Gaussian beam using a 
condenser lens such as a convex lens, the optical intensity 
distribution at the beam waist (concentrating point; focal point) 
becomes a Gaussian distribution. 
[0158] 

30 As shown Fig 11, when a collimated parallel light beam 110 

(signal light beam or control light beam) is converged by a condenser 
lens 31 and irradiated on a light absorbing layer film and a thermal 
lens forming layer 502 in a thermal lens forming device 1, the control 
light beam converged and irradiated as the parallel light beam is 
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absorbed in the light absorbing layer film, the light energy is 
converted to thermal energy, and the temperature of the thermal 
lens forming layer in the vicinity of and adjacent to the light 
absorbing layer film where light is absorbed is increased, resulting 
5 in decrease of the refractive index thereof . When a light beam having 
Gaussian-distributed optical intensity as described above is 
irradiated, the central portion of the Gaussian distribution having 
the strongest optical intensity is converged and the area being 
irradiated with the light beam becomes the center of light absorption 

10 and, in this area, the temperature becomes the highest and the 
refractive index becomes the lowest. The absorbed light changes 
into heat from the central portion of the light absorption toward 
the outer circumference and, furthermore, the refractive index of 
the light absorbing layer film containing the thermal lens forming 

15 layer is varied spherically from the center of the light absorption 
toward the exterior due to the heat conveyed to the periphery, and 
a distribution of refractive index having low refractive index at 
the center of the light absorption and higher refractive index toward 
the exterior is created, and locally this distribution functions 

20 as a concave lens. In practice, the control light beam is condensed 
by a condenser lens 31 or the like and is irradiated into the light 
absorbing layer film containing the thermal lens forming layer. 
Then, light absorption occurs multiply in the traveling direction 
of the converged light beam and the light flux of the traveling 

25 control light beam itself is also multiply deformed by the thermal 
lens formed. Therefore, the thermal lens effect that is observed 
here is different from the effect caused by a single concave lens 
as described below. 
[0159] 

30 When the control light beams having a wavelength in a absorption 

band of the light absorbing layer film and the signal light beams 
having a wavelength in a transmission band are irradiated 
simultaneously such that these light beams focus at a position 5 
close to the entering surface of the light absorbing layer film 
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of the thermal lens forming device 1 as shown in Fig. 11 (a), the 
signal light beams exit with a divergence angle larger than that 
of ordinary exiting light beams 200 as exiting light beams 201 being 
spread such that the cross section of the light beam spreads in 
5 an annular shape, due to a thermal lens 50 formed at a position 
close to the entering surface by the control light beams as shown 
in Fig. 12 (a) . The photographs of signal light beam cross-sections 
shot from the rear side after projecting the signal light beam 201 
or 200 that exited from the thermal lens forming device 1 on a 

10 semitransparent screen placed at a distance of about 50 cm are shown 
in Figs. 18 (a) and 18 (b) . As shown in Fig. 18 (b) , the cross-section 
of the signal light beam 200 exited at an ordinary divergence angle 
from the thermal lens forming device 1 has a circular shape with 
a diameter of d 2 on the screen. Whereas, when the control light 

15 beam and the signal light beam are irradiated simultaneously such 
that these light beams focus at a position 5 close to the entering 
surface of the light absorbing layer film of the thermal lens forming 
device 1, the cross-section of the exited signal light beam 201 
diffused so that the cross section of the light beam spreads in 

20 an annular shape through the thermal lens 50 formed at a position 
close to the entering surface is, as shown in Fig. 18 (a) , projected 
on the screen as the ring having an outer diameter of d 3 and an inner 
diameter of d4 . As clearly observed in Fig. 18, both of the outer 
diameter d 3 and the inner diameter of d 4 are larger than a circular 

25 beam diameter d 2 of the signal light beam when a control light beam 
is not irradiated. 
[0160] 

On the other hand, as shown in Fig. 11(b), when the control 
light beams and the signal light beams are irradiated simultaneously 
30 such that these light beams focus at a position 6 close to the exiting 
surface of the light absorbing layer film of the thermal lens forming 
device, the signal light beam exits as a signal light beam 119 that 
has been converged by a thermal lens 60 formed at a position close 
to the exiting surface by the control light beam as shown in Fig. 
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12 (b) . Fig. 18 (c) shows a photograph of a cross-section of the exited 
signal light beam 119 that exited from the thermal lens forming 
device 1, and projected on the semitransparent screen, then shot 
from the rear side. When the control light beams and the signal 
5 light beams are irradiated simultaneously such that these light 
beams focus at a position 6 close to the exiting surface of the 
light absorbing layer film of the thermal lens forming device 1, 
the cross section of the exited signal light 119 that is converged 
by the thermal lens 60 formed at a position close to the exiting 

10 surface formed by the control signal beam and exits unchanged, and 
is projected on the screen as a circular shape with an outer diameter 
of d 0 . As clearly shown in Fig. 18, the outer diameter d 0 is smaller 
than the diameter d2 of the circular shaped beam of the signal light 
beam when a control light beam is not irradiated. The luminance 

15 of the converged and exited signal light beam 119 is significantly 
high, therefore a neutral density filter was provided before the 
screen to prevent halation when projecting the signal light beam 
119 projected on the screen. 
[0161] 

20 In either of the examples shown in Figs. 11 (a) and 11 (b) , the 

signal light beam only exits as the exited light beam 200 at an 
ordinary divergence angle without being affected by the thermal 
lens 50 or 60 when no control light beam is irradiated, as shown 
by dotted lines in Figs. 12(a) and 12(b). 

25 [0162] 

Optical intensity distribution difference in the cross section 
of the signal light beam corresponding to the presence/absence of 
thermal lens effect, and differences in beam waist (concentrating 
point; focal point) position in the light absorbing layer film of 
30 the thermal lens forming device can be measured in any of the following 
manners. For example, in an experimental test, the apparatus whose 
schematic views are shown in Figs . 4, 13, or 14, the numerical aperture 
was set to 0.55 for the light receiving lens 41 while the numerical 
aperture to 0.25 for the condenser lens 31, an optical intensity 
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distribution measuring device 700 was provided instead of a mirror 
with a hole 61, as shown in Fig. 19, then all the signal light beams 
transmitted through the thermal lens forming device 1 were received 
by the light receiving lens 41 to cause the light beam enter into 
5 a light receiving unit 701 (effective diameter: 20 mm), then the 
optical intensity distribution at the cross section of the signal 
light beam was measured. The measured results are shown in Figs. 
20, 21 and 22. Here, as shown in Fig. 19, the optical intensity 
distribution measuring device is a device that is provided with 

10 a first slit 702 having a width of 1mm to the light receiving unit 
701 (having an effective diameter of 20mm) , moves a second slit 
703 having a width of 25pm at a constant velocity in a direction 
of the length of the first slit, i.e. from a point 710 toward a 
point 720 in Fig. 19 and measures the intensity of a light beam 

15 having passed through a rectangular window of a size of 1mm x 25pm 
formed by the two slits, corresponding to the moved position of 
the window . In order to measure the optical intensity corresponding 
to the moved position of the window, for example, output of a detector 
receiving the light beam having passed through the window may be 

20 recorded on a storage oscilloscope synchronized with the moving 
velocity of the second slit 703. Figs. 20 to 22 show the optical 
intensity distribution on a light beam cross sectional planes of 
the signal light beams recorded on a storage oscilloscope as described 
above, wherein the axis of abscissa (the position in the light beam 

25 cross sectional plane) corresponds to positions represented by 
coordinates defining the center of the light receiving unit 701 
as zero, the direction from the center to the point 710 in Fig. 
19 as the negative direction, and the direction from the center 
to the point 720 in Fig. 19 as the positive direction, and the axis 

30 of ordinate represents optical intensity. 
[0163] 

Fig. 20 corresponds to the case shown in Fig. 11(a) and Fig. 
13(a) and shows an optical intensity distribution on the beam 
cross-section of the signal light beams when the control light beams 
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do not enter the thermal lens forming device 1 but only the signal 
light beams enter the device 1- The optical intensity distribution 
in this case is a distribution wherein the intensity of the central 
portion is strong and the intensity becomes weaker as the position 
5 becomes closer to the circumference (generally, a Gaussian 

distribution) . Therefore, when the hole-provided mirror 61 having 
a hole 161 of a sufficient size is disposed as shown in Fig. 13 (a) , 
all of the signal light beams 111 can pass through the hole 161 
of the hole-provided mirror. Here, representing the beam diameter 

10 of the signal light beam entering the condenser lens 31 (having 
the focal distance of fi) as parallel light beam as di and the beam 
diameter of the signal light beam 111 converted into a parallel 
beam by the light receiving lens 41 (having the focal distance of 
f 2 ) as d 2 , 

15 (Math 6) 

f i: f 2 = d x :d 2 ...[8] 
and, therefore, d 2 can be obtained by the following equation. 

[0164] 
(Math 7) 

20 d 2 = (f 2 /fi) x di ...[9] 

[0165] 

The hole-provided mirror 61 is installed at an angle of 45 
degrees against the optical axis of the signal light beams. The 
cross section of the signal light beam passing through the hole 
25 161 is circular. Therefore, the shape of the hole 161 must be an 
ellipse whose minor axis Di and major axis D 2 must satisfy the 
relationship defined by the following equation [10] . 

[0166] 
(Math 8) 

30 D 2 = Di x V2 ...[10] 

[0167] 

Here, although a minor axis Di of the elliptic hole 161 of 
the hole-provided mirror 61 larger than the beam diameter d 2 of the 
signal light beams 111 obtained from equation [9] may be sufficient, 
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when Di is too large, a portion of the signal light beams expanded 
in an annular shape due to the irradiation of the control light 
beam will also passes through the hole 161 . Thus, the optimal value 
of Di is a value 1.01 to 1.2 times and, more preferably, 1.02 to 
5 1.1 times d 2 . 

[0168] 

Fig. 21 corresponds to the optical system arrangements shown 
in Figs. 11(a), 12(a), and 13, and shows the optical intensity 
distribution on a beam cross-sectional plane of the signal light 

10 beam when the beam waist (condensing point: focal point) is set 
at the position 5 (on the entering side of the light beam) close 
to the condenser lens 31 of the thermal lens forming device 1 and 
the control light beam is irradiated. The resulting optical 
intensity distribution shows that optical intensity is weak in the 

15 central portion thereof and becomes stronger in an annular shape 
toward the circumference thereof. The optical intensity in the 
central portion on the cross-sectional plane of the signal light 
beam is reduced depending on the optical intensity of the control 
light beam and the positional relation between the thermal lens 

20 forming device 1 and the focal point, and approaches zero as the 
optical intensity of the control light beam is increased. The 
position at which the optical intensity of the signal light beam 
becomes maximal is a value (a diameter of approximately 15mm) that 
is larger than the original beam diameter. 

25 [0169] 

Fig. 22 corresponds to the optical system arrangements shown 
in Fig. 11(b), 12(b), and 14, and shows the optical intensity 
distribution on a beam cross-sectional plane of the signal light 
beam when the beam waist (condensing point: focal point) is set 

30 at the position 6 (on the exiting side of the light beam) close 
to the light receiving lens 41 of the thermal lens forming device 
1 and the control light beam is irradiated. In this case optical 
intensity at the central portion is stronger than the optical 
intensity at the center portion (Fig. 21) . The optical intensity 
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in the central portion of the beam cross-sectional plane of the 
signal light beam depends on the optical intensity of the control 
light beam and positional relation between the thermal lens forming 
device 1 and the focal point 6, but reaches to several times as 
5 much as the intensity measured when the control light beam is not 
irradiated . 
[0170] 

Therefore, if a hole-provided mirror 61 is disposed in this 
case, the majority of the signal light beam passes through the hole 

10 161 of the hole-provided mirror. Here, when the size of the hole 
161 of the hole-provided mirror 61 (and 62 and 63) is optimized, 
the portion of the signal light beam that is reflected by the 
hole-provided mirror 61 can be substantially reduced to zero. 
However, even when the size of the hole 161 of the hole-provided 

15 mirror 61 is optimized, when the control light beams are not irradiated, 
the central portion of the signal light beam as shown in Fig. 14 (a) 
is not prevented from passing through the hole 161 as a leaked signal 
light beam 118, and occurrence of cross-talk cannot be prevented. 
[0171] 

20 However, such a leaked signal light beam can be reduced to 

near zero by changing the optical intensity distribution on the 
on the cross-sectional plane of the signal light beam that enters 
into the thermal lens forming device. That is, as shown in Fig. 
6, it is easy that, after the signal light beam 110 exited from 

25 the optical path 1110 is shaped using the collimating lens 30, to 
vary the optical intensity distribution on the cross-sectional plane 
of the signal light beam to an annular distribution corresponding 
to Fig. 18(a) and Fig. 21, using a beam-cross-section 
shaping-into-ring lens group 321 comprising a 

30 circular-cone-prism-type lens, etc. After the signal light beam 
110 having such an optical intensity distribution on the 
cross-sectional plane thereof has been converged using condenser 
lens 31 such that the signal light beam 110 passes through the focal 
point position 6 (Fig. 14(a)) and the signal light beam 110 has 
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passed through the thermal lens forming device 1, the signal light 
beam 110 is restored to a parallel light beam by the light receiving 
lens 41. Then, the optical intensity distribution of the beam 
cross-sectional plane of the signal light beam 110 is an annular 
5 shape having a stronger intensity on the periphery thereof, and 
intensity near zero in the central portion as corresponding to Fig. 
21. Therefore, when the hole-provided mirror 61 is disposed, the 
leak of the signal light beam passing through the hole 161 can be 
substantially eliminated. Even when the optical intensity 

10 distribution on the beam cross-sectional plane of the signal light 
beam assumes such an annular shape, when the thermal lens 60 is 
transiently formed by irradiating the control light beam as shown 
in Fig. 14(b), the optical intensity distribution on the beam 
cross-sectional plane of the signal light beam becomes a sharp-beam 

15 shape and the signal light beam passes through the hole 161 of the 
hole-provided mirror 61 as a converged straight-traveling signal 
light beam 119. 
[0172] 

To summarize, in an optical system configuration in Fig. 13, in 
20 response to the presence/absence of control light beam irradiation, 
the optical intensity distribution on the beam cross-sectional plane 
of the signal light beam can be switched between the annular 
distribution (when the control light beam is irradiated) shown in 
Fig. 21 and the Gaussian distribution (when the control light beam 
25 is not irradiated) shown in Fig. 20, then switching of optical paths 
becomes possible by taking out the light beam individually using 
a hole-providedmirror suitable for the shape of the optical intensity 
distribution on the beam cross-sectional plane of the signal light 
beam. 
30 [0173] 

On the other hand, in an optical configuration in Fig. 14, 
by adjusting the focal points of the control light beam and the 
signal light beam to be positioned at the position 6 close to the 
exiting side of the thermal lens forming device and, furthermore, 
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by shaping the optical intensity distribution on the beam 
cross-sectional plane of the signal light beam into annular, the 
optical path of the signal light beam can be switched by 90 degrees 
from the original traveling direction thereof and the signal light 
5 beam can be caused to exit, when the control light beam is not 
irradiated, and the signal light beam can be caused to travel straight 
when the control light beam is irradiated. 
[0174] 

[METHOD OF COMBINING A PLURALITY OF OPTICAL PATH SWITCHING 

10 MECHANISMS] 

When more than one optical path switching mechanism (91, etc.) 
comprising a thermal lens entering light beam condenser lens (31, 
etc. ) , a thermal lens forming device (1, etc. ) , a thermal lens exiting 
light beam receiving lens (41, etc.), a wavelength selecting and 

15 transmitting filter (81, etc.), and a hole-provided mirror (61, 
etc.) is used by coupling with the space coupling method, three 
combinations of an operating mode where an exiting signal light 
beam exits at an angle larger than ordinary divergence angle, and 
an operating mode where an exiting signal light beam exits while 

20 being converged can be use. These are the following: 
[0175] 

(1) Combination of only the operating modes where an exiting signal 
light beam exits at an angle larger than ordinary divergence angle; 
[0176] 

25 (2) Combination of only the operating modes where an exiting signal 
light beam exits while being converged; or 
[0177] 

(3) Combination of the operating mode where an exiting signal light 
beam exits at an angle larger than ordinary divergence angle comes 
30 before the operating mode where an exiting signal light beam exits 
while being converged. 
[0178] 

In regards to the third combination listed above, if an 
operating mode is enabled wherein the optical path switching 
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mechanism at the first stage simultaneously irradiate the control 
light beam and the signal light beam so that the beam waist (focal 
point) is positioned at position 5 that is close to the entering 
surface of the light absorbing layer film of the thermal lens forming 
5 device 1, as shown in Fig. 11(a), then combining two optical path 
switching mechanisms efficiently without using the 
beam-cross-section shaping-into-ring lens group 321, by employing 
the operating mode where the exiting signal light beam spreads through 
thermal lens effect to exit with a divergence angle larger than 

10 that of ordinary exiting light beam, then the signal light beam 
with annular cross-section is reflected by the hole-provided mirror 
to switch the path, and the optical path switching mechanism at 
the second stage simultaneously irradiate the control light beam 
and the signal light beam so that the beam waist (focal point) is 

15 positioned at position 6 that is close to the exiting surface of 
the light absorbing layer film of the thermal lens forming device 
1, as shown in Fig. 11(b), and the exiting signal light being converged 
by the thermal lens effect exits with a small cross section. The 
details of this combination will be described in Example 4, below. 

20 [0179] 

[HOLE-PROVIDED MIRROR] 

A hole-provided mirror 61 is, for example, disposed at an angle 
of 45 degrees to the optical axis of a signal light beam. As the 
mirror surface of the hole-provided mirror 61, a surface that is 

25 a dielectric multi-layer film produced on a glass surface by a 
sputtering method and is adjusted such that the reflectivity thereof 
becomes maximal when the wavelength of the signal light beam is 
used. The hole 161 portion of the hole-provided mirror 61 is produced 
by making an elliptic hole through a glass plate inclined at an 

30 angle of 45 degrees . Although instead of making a hole, the elliptic 
reflecting film may be eliminated, a hole is preferable because 
the glass surface reflects several percent of the incident light, 
causing attenuation and cross-talk of the signal light beam. In 
order to prevent stray light caused by optical dispersion or the 
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like, it is preferable that the inner surface of the hole is processed 
to provide no reflection. Furthermore, the reflecting film is not 
limited to a dielectric multi-layer film, but may be any material 
that reflects the control light beams and the signal light beams 
5 used therefore and, thus may be gold, silver, etc. 
[0180] 

[TIME- DIVISION "MULTIPOINT-TO-POINT" TWO-WAY OPTICAL 
COMMUNICATION] 

In an optically controlled optical-path-switching-type data 
10 distribution apparatus and distribution method of the present 

invention, optical communication paths of a data server device side 
and a particular client device side becomes open in both directions 
only while an optical switch is operating, due to the operation 
principle of the optical switch that is used. Therefore, in order 
15 to allow a particular client to transmit a data transmission request 
at a desired time via the optical communication path, the data server 
device must repeatedly transmit at least a control light beam optical 
destination tag for a predetermined period continuously to 
individual client devices in turn. Otherwise, optical 
20 communication using another optical communication path, or electric 
communication using a conventional local area networkmust be carried 
out from the client devices to the data server device. 
[0181] 

Opening optical signal paths between a plurality of clients 
25 and a single data server at a certain interval in turn is the 
time-division type "multipoint-to-point " two-way optical 
communication . 
[0182] 

The time divided interval, optical packet data size, optical 
30 switch ON/OFF response rate, and the number of clients relate to 
each other. For example, when the ON/OFF response rate of an optical 
switch is sufficiently high, the data volume of an optical packet 
will not become insufficient, even when the number of clients 
increases, however, the number of client devices to which sufficient 
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data volume can be provided will be limited if a longer time is 
required for ON/OFF response of the optical switch. 
[0183] 

As described in the Examples, the optical switch used in the 
5 present invention is capable of carrying out ON/OFF operation 
sufficiently in 1 (one) millisecond, thus, the optical switch can 
provide optical signal paths , for example, to 8 clients, by assigning 
124 millisecond for each of the clients by dividing one second into 
eight (8) time units. Therefore, if the modulation speed of an 

10 optical signal transmitting unit 1120 at the data server side is 
10 Gbps, the data volume of an optical packet including an optical 
sequence tag can be set to 1.24 Gbps (155 MB) . This is equivalent 
to a case wherein the data communication volume of 100 or more 
high-definition still color images, each having 2272 x 1704 pixels 

15 with 32 bits of color information per pixel, can be transmitted 
in one second to each of 8 clients. That is, for example, a 3D image 
of a human body represented by laminating 1000 monochrome 
high-definition images can be distributed to 8 locations in one 
second and uncompressed digital high-vision color moving images 

20 can be distributed to 8 locations in one second. When the modulation 
velocity of an optical signal transmitting unit is increased from 
10 Gbps to 40 Gbps, four times the data volume can be distributed. 
[0184] 

The upper limit of the number of clients is determined by the 
25 attenuation of a signal light beam that is caused by multi-staged 
use of an optical switch, however, the switch can normally be used 
for 2 to 8 clients without difficulty, and, depending on the 
transmission loss of the optical fiber that is used, the switch 
can in most cases be used for 16 to 32 client devices. When using 
30 32 client devices, the effective time width of an optical packet 
is 30.25 millisecond (=(1000/32) -1) , however, a data volume of 1.21 
GB can be secured for an optical packet by increasing the modulation 
velocity of the optical signal transmitting unit 1120 to 40 Gbps. 
[0185] 
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The switch is a time-division type multipoint-to-point two-way 
optical communication switch, and the data transfer rate D s of an 
electric signal path 1400 from the data server device 1000 to the 
optical signal transmitting unit 1120 satisfying the relation 
5 expressed by equation [11] is sufficient; where D c represents the 
data transfer rate of an electric signal path 1401 or the like at 
the client device side and N c represents the number of client devices : 

[0186] 
(Math 9) 

10 D s ^ D c x N c ...[11] 

[0187] 

When D s is 10 Gbps, the number of client devices is 4, and 
the information contained in optical packets received by the optical 
signal receiving unit 1131 , etc. at the client device side is converted 

15 to electrical signals, stored temporarily, and transmitted as 

electric signals, a data transfer rate D c of an electric signal path 
1401, etc. at the client device side of 2 . 5 Gbps or higher is sufficient . 
However, the optical signal receiving rate of the optical signal 
receiving units 1131, 1132, 1133, etc. at the client device side 

20 needs to be D s or higher. That is, in the optically controlled 
optical-path-switching-type data distribution apparatus of the 
present invention, the data transfer rate of an electric signal 
path on the client side can be reduced to 1/2 or smaller than the 
data transfer rate on the data server device side when two or more 

25 client devices are connected, thus the cost for an apparatus can 
be reduced, as compared with a case wherein all of the client devices 
are connected via components with high data transfer rates. 
[Examples] 
[0188] 

30 The embodiments according to. the present invention will be 

described in details with reference to experimental Examples. 

[0189] 
[Example 1] 

A schematic view of the configuration of an optical component 
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elements used in an optically controlled 

optical-path-switching-type data distribution apparatus of Example 
1 is shown in Fig. 4a. In addition to optical component elements 
shown in Fig. 4a, the optically controlled 
5 optical-path-switching-type data distribution apparatus of Example 
1 comprises a data server device, an electric circuit in the data 
communication unit and a power supply thereof, a client device, 
an electric signal path connecting the data server device and data 
communication unit, an electric signal path connecting the data 
10 communication unit and the client unit, and a power supply. 
[0190] 

Fig . 4a illustrates a schematic view of a partial configuration 
of an optically controlled optical-path-switching-type data 
distribution apparatus, showing a portion of an optical signal 
15 transmitting unit 1120, details of an optical switch 1101, and optical 
signal paths 1110, 1111, 1112 and 1113. 
[0191] 

As the data server device, a single commercially marketed 
ordinary computer unit having a central processor unit with a clock 
20 frequency of 3 GHz for controlling an input/output control unit 
1040, a semiconductor memory device with a capacity of 2 GB that 
operates as a transmission data storage unit 1010, and a hard disk 
storage device with a capacity of 800 GB, was used. 
[0192] 

25 As the client devices, four commercially available ordinary 

computer units, each having a central processor unit with a clock 
frequency of 2.8 GHz for controlling an input/output control unit 
1241, a semiconductor memory device with a capacity of 1 GB that 
operates as a received data storage unit 1211, and a hard disk storage 

30 device with a capacity of 250 GB, were used. 
[0193] 

The electric circuit and the power supply of the data 
communication unit at the data server device side includes a data 
transmission/receipt control unit 1140, the control electronic 
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circuit for an optical signal transmitting unit 1120, the light 
receiving device such as an optical signal receiving unit 1130 and 
1131, etc. and a control electronic circuit, and a power supply 
therefore. As the electronic circuits for these components at the 
5 data server device side, the transmitting unit and receiving unit 
of a commercially available optical transceiver device with a data 
communication speed of 10 Gbps that uses infrared laser was used. 
The power supply was a constant voltage power supply which provided 
sufficient voltage and current. 

10 [0194] 

The electric circuit and the power supply of the data 
communication unit at the client device side includes a data 
transmission/receipt control unit 1141, 1142, 1143, or the like, 
a control electronic circuit for an optical signal transmitting 

15 unit 1121, a light receiving device suchas an optical signal receiving 
unit 1131, 1132, 1133, or the like and a control electronic circuit 
therefore, and a power supply therefore. As the electronic circuits 
for these components at the client device side, the transmitting 
unit and the receiving unit of a commercially marketed optical 

20 transceiver device with a data communication speed of 10 Gbps that 
uses infrared laser was used, so that optical packet information 
was converted to electric signals, temporarily stored, then 
transmitted as electric signals. The power supply was a constant 
voltage power supply that provided sufficient voltage and current 

25 capacity. 

[0195] 

As the control electronic circuit for a control light beam 
light source, a constant voltage power supply and the transmission 
unit of an optical transceiver device that are suitable for the 
30 laser diode to be used are combined and used. 
[0196] 

As an electric signal path 1400 that connects the data server 
device and the data communication unit, one having a data transfer 
rate of 10 Gbps and complying with the applicable Telecommunication 
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Standards was used in combination with the electric signal 
input/output unit of the optical transceiver having a data transfer 
rate of 10 Gbps . On the other hand, as a single optical signal path 
at the data server side is shared by four client devices by splitting 
5 the path into four time units, the electric signal paths 1401, 1402, 
1403, etc. are not required to secure the data transfer rate of 
10 Gbps at the data server device side, and in this case, 10/4, 
or 2.5 Gbps is sufficient. As such, the electric signal path 
complying with the applicable Telecommunication Standards for the 
10 transfer rate of 3 Gbps was used in combination with the electric 
signal input/output unit of the optical transceiver having a data 
transfer rate of 10 Gbps. 
[0197] 

The optical component elements configuring the optical signal 
15 transmission unit 1120 include a single signal light beam light 
source 20; three control light beam light sources 21, 22, and 23, 
each of a different wavelength; dichroic mirrors 51, 52, and 53 
for aligning the optical axes of all of the control light beams 

121, 122, and 123 to propagate in the same direction; and a condenser 
20 lens 10 for combining the signal light beam 120 and the three control 

light beams 121, 122, and 123 to direct the combined beams into 
the optical fiber 1110. 
[0198] 

As the optical signal path 1110 to combine and transport all 
25 the signal light beam 120 and the three control light beams 121, 

122, and 123, a single mode quartz glass optical fiber having a 
length of 10 m was used. 

[0199] 

The optical switch of Example 1 exemplifies a case wherein 
30 the optical switch comprises a collimating lens 30 to substantially 
restore the signal light beam 120 exiting from the optical fiber 
1110 and the control light beams 121, 122, and 123 to parallel, 
and optical path switching mechanisms 91, 92, and 93 that include 
condenser lenses (31, 32, 33) for light entering the thermal lens, 
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thermal lens forming devices (1, 2, 3) , the light receiving lenses 
(41, 42, 43) for light exiting the thermal lens, wavelength selecting 
and transmitting filters (81, 82, 83) and hole-provided mirror (61, 
62, 63), which are serially connected in three stages . The straight 
5 traveling signal light beams 111 and 112 exiting from the optical 
path switching mechanisms 91 and 92 are specially coupled, and enter 
into the thermal lens entering light beam condenser lenses 32 and 
33 of the optical path switching mechanisms 92 and 93, respectively, 
at the latter stages, the straight traveling signal light beam 113 

10 exiting from the optical path switching mechanism 93 is condensed 
by the condenser lens 401 for the straight traveling signal light 
beam, and enters into the optical signal path 1114 as the straight 
traveling. exited signal light beam. Signal light beams 211, 212, 
213 switched and output from the optical path switching mechanism 

15 91, 92 and 83 are respectively condensed by optical path switched 
exiting signal light beam condenser lenses 71, 72 and 73, then enter 
into optical signal paths 1111, 1112 and 1113 as the exiting signal 
light beams with optical path switched. 
[0200] 

20 As the optical signal paths 1111, 1112, 1113, and 1114 at the 

exiting side, a normal single mode quartz glass optical fiber (having 
a length of 100 m) was used. Instead of a single mode quartz glass 
optical fiber, multimode quartz glass optical fiber, SI type plastic 
optical fiber, or GI type plastic optical fiber may be selected 

25 and used in accordance with the transmittance/transmission loss 
property of the control light beams and signal light beams. 
[0201] 

The number of optical path switching mechanisms to be connected 
corresponds to the number of light sources for signal light beams 
30 having wavelengths different from each other. However, the number 
of stages that can be coupled is calculated based on the transmittance 
of the signal light per one stage of optical path switching mechanism, 
initial intensity of the signal light beam that enters into the 
optically controlled optical-oath-switch-type data distribution 
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apparatus, and the signal light beam intensity required at the end. 
For example, if the transmittance of a single optical path switching 
mechanism is 85% (attenuation of 0.7 dB for signal strength), the 
total transmittance will be 52.2% (attenuation of 2.8 dB for signal 
5 strength) when four optical path switching mechanisms are connected 
in series. 

[0202] 

A three-stage serial configuration as shown in Fig. 4a will 
next described in detail, as an example. Partial views of the 

10 condenser lens 31 and thermal lens forming device 1 shown in Fig. 
4a are extracted as Figs. 11 and 12, and partial views added further 
with a light receiving lens 41 and a hole-provided mirror 61, etc. 
are shown in Figs. 13 and 14. To avoid complicated drawings of an 
apparatus having three or more optical path switching mechanisms, 

15 when optical path switching mechanisms, 91, 92 and 93 are 

spatially-connected type as shown in Fig. 4a, a portion of the 
schematic view of the configuration (the left view in Fig. 5) of 
an optical path switching mechanism of a spatially-connected type 
is symbolized and represented as shown in the right view in Fig. 

20 5. That is, for example, the optically controlled 

optical-path-switching-type data distribution apparatus shown in 
Fig. 4a is represented by a schematic configuration view as shown 
in Fig. 4b where some portion thereof are symbolized. As Figs. 4a 
and 4b are the schematic configuration views having identical 

25 contents except that the way of representation is different, 

hereinafter, these views are simply referred to as "Fig. 4" when 
Fig. 4a and Fig. 4b need not be distinguished. 
[0203] 

Furthermore, two or more optical path switching mechanisms 
30 can be connected as an optical-fiber-connected type. However, in 
this case, the mechanisms are represented as in Fig. 9 by omitting 
the schematic view of the configuration of the optical path switching 
mechanisms of the optical-fiber-connected type. 
[0204] 
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Although the thermal lens forming device 1 is depicted in Figs. 
4a, 5, 6, 9 and Figs. 11 to 14 as a device having a three (3) -layer 
configuration of the heat-conducting layer film 501, the light 
absorbing layer film and thermal lens forming layer 502, and the 
5 heat-conducting layer film 503, the configuration of the thermal 
lens forming device is not limited to this configuration. 
[0205] 

In Example 1, as the thermal lens forming devices 1, 2 and 
3, the pigment-solution-filling-type thermal lens forming devices 

10 800 (Fig. 15) filled respectively with solutions of each of the 
above-described pigments [1], [2] and [3] were used. As the solvent 
for the pigments, o-dichlorobenzene thoroughly dehydrated and 
degassed was used. Optical cells 809 having the same shape were 
used for the thermal lens forming devices 1 , 2 and 3, and the thickness 

15 of the pigment solution filling unit 808 thereof, i.e., the spacing 
between the entering and exiting surface glass plates 801 and 802 
was, for example, 200pm. AR coating was applied on the outer surf ace 
of the entering surface glass plate 801 and the exiting surface 
glass plate 802 of the optical cell 809 . In addition, the introducing 

20 inlet 807 of the optical cell 809 was melted and sealed after a 
filling and degassing processes for the pigment solution were carried 
out . The concentration of the pigment solutions was adjustedbetween 
0.2 to 2 weight percent and was adjusted for each of the pigments 
[1], [2], and [3] such that the transmittance for 532 nm, 670 nm, 

25 and 800 nm was respectively 0.0 to 0.2%, while the transmittance 
for the signal light beam having a wavelength of 850nm was 85 to 
99%. 

[0206] 

In the configuration employed in Example 1, an entering signal 
30 light beam 110 from the optical signal path 1110 is focused by the 
collimating lens 30 to form an approximately parallel light beam 
having a beam radius of 5.0 mm. 
[0207] 

Although in Example 1, an optical transceiver transmission 
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unit utilizing a vertical cavity surface emission type semiconductor 
laser having an oscillation wavelength of 850 nm enabling data 
transmission at 10 Gbps was used as a light source 20 of the signal 
light beam 120, semiconductor laser beams having oscillation 
5 wavelengths of 1350 nm and 1550 nm with a super high speed modulation 
capability may be used. Further, signal light beams having a 
plurality of wavelengths may be used simultaneously. When a signal 
light beam light source providing a plurality of wavelengths is 
employed, one optical packet contains signal light beams with a 

10 plurality of wavelengths that have been overlapped, and the signal 
light beams are collected according to wavelength by an optical 
signal receiving unit. In Example 1, the secondary high harmonic 
wave of a semiconductor excited Nd: YAG laser oscillation wavelength 
of 532 nm, and a semiconductor laser providing 670 .nm and 800 nm 

15 were used for control signal light beam light sources 21, 22, and 
23 that irradiate control light beams 121, 122, and 123 to form 
respective thermal lenses in the thermal lens forming device 1, 
2, and 3, then to switch signal light beam optical paths by turning 
ON/OFF of the control light beams. Each of the control light beams 

20 121, 122 and 123 were formed so that they provided a parallel light 
beam with a beam radius of 4.5 mm. The laser power of a control 
light beam light source positioned before either the condenser lens 
31, 32, or 33 was set to 2 or 10 mW. 
[0208] 

25 The control light beams 121, 122, and 123 and the signal light 

beams 110, 111, and 112 were converged by the common condenser lenses 
31, 32, and 33, respectively, and were irradiated on the thermal 
lens forming devices 1, 2 and 3. In order to overlap the beam waist 
of each of the control light beams and the signal light beams in 

30 the thermal lens forming devices, the signal light beams and the 
control light beams were adjusted using the dichroic mirrors 51, 
52 and 53 such that the signal light beams and the control light 
beams were on the same optical axis and parallel to each other, 
before the beams entered the optical signal path 1110 . In this manner, 
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the thermal lens effect createdby the light absorption at the position 
of the beam waist of the control light beams can be utilized 
efficiently for deflecting the traveling direction of the signal 
light beams. 
5 [0209] 

In the configuration employed in Example 1, the positional 
relations between condenser lens 31, 32 , and 33, and respective 
thermal lens forming devices 1, 2, and 3 are adjusted so that the 
beam waist of signal light beams and control light beams is located 

10 in the vicinity of the entering surface in the light absorbing layer 
film of the thermal lens forming devices 1, 2 and 3, and set so 
that the signal light beams having converged and entered into the 
thermal lens forming devices 1, 2 and 3, exit as signal light beams 
111, 112 and 113 at ordinary divergence angle when no control light 

15 beam is irradiated, while the signal light beams exit at a divergence 
angle larger than the ordinary divergence angle by forming an annular 
cross-section due to the thermal lens effect when a control light 
beam is irradiated. Here, after passing through the thermal lens 
forming devices 1, 2, and 3, the signal light beams are collimated 

20 into generally parallel light beams by the light receiving lenses 
41, 42 and 43. The numerical aperture (hereinafter, referred to 
as "NA") of these light receiving lenses is set to be larger than 
the NA of the condenser lenses. In the configuration used in Example 
1, the NA of the condenser lenses was 0.25 and the NA of the light 

25 receiving lenses was 0.55. The NA of the light receiving lenses 
is preferably greater than or equal to twice the NA of the condenser 
lenses . The condenser lenses and the col lima ting lens are not limited 
to lenses having these specific NA values, and any combination of 
lenses satisfying the relationship may be employed. By setting the 

30 NA of the light receiving lenses to be at least twice the NA of 
the condenser lenses, the light beams can be received without any 
loss, even when the beam diameter of the signal light beams is expanded 
by a factor of two or more at the time when the signal light beams 
enter the thermal lens forming device. In Example 1, the focal 
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distances of the condenser lenses and the light receiving lenses 
were set to be same and condenser lenses with an effective diameter 
of approximately 10 mm were used. 
[0210] 

5 The signal light beams collimated by the light receiving lenses 

41, 42, and 43 are made to enter the hole-provided mirrors 61, 62, 
and 63. As described above, the paths of the signal light beams 
can be switched by providing these hole-provided mirrors. 
[0211] 

10 In the configuration used in Example 1, the focal distance 

fi of the condenser lens 31 and the focal distance of f 2 of the light 
receiving lens 41 are the same. Therefore, the beam diameter di 
of the signal light beam 110 that enters into the condenser lens 
31 and the diameter d 2 of the signal light beam 111 that has been 

15 converted into a parallel light beam by the light receiving lens 
are the same, 10 mm in the constructed example, as noted above. 
The minor axis Di of the ellipse hole 161 of the hole-provided mirror 
61 is preferably 10.1 mm to 12 mm, and more preferably 10.2 mm to 
11mm, and in Example 1, the minor axis Di is set to 10.5 mm. D 2 is 

20 determined to be 14 . 8 mm using equation [7] . A mirror having a size 
(50mm x50mm) sufficient to reflect a beam having a diameter of 30mm 
by 45 degrees may be used. 
[0212] 

As shown in Fig. 4, the switching of the optical paths causes 
25 the signal light beams (switching signal light beams) 211, 212, 
and 213 taken out by deflecting the direction by 90 degrees from 
the original traveling direction of the signal light beams to enter 
the optical fibers in optical paths 1111, 1112, andlll3, by condensing 
the signal light beams through the condenser lenses 71, 72 and 73. 
30 [0213] 

When all of the light sources 21, 22, and 23 of the control 
light beams are turned off, the signal light beams are not subject 
to the thermal lens effect and exit as the signal light beams 111, 
112, and 113. The condenser lens 401 condenses the exiting signal 
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light beam 113 and directs it to enter the optical fiber of the 
optical signal path 1114. 
[0214] 

In the configuration employed in Example 1, respective 
5 wavelength selecting and transmitting filters 81, 82, and 83 are 
provided behind the thermal lens forming devices 1, 2 and 3. The 
wavelength selecting and transmitting filters 81, 82, and 83 absorb 
100% of the light of control light beams having a wavelength of 
532 nm, 670 nm, and 800 nm, respectively, and the control light 
10 beam having a longer wavelength used at the later stage and signal 
light beams having a wavelength of 850 nm by 99.5% or more. 
[0215] 

An optically controlled optical-path-switching-type data 
distribution apparatus such as that employed in Example 1 can be 

15 configured by connecting, in series, in three stages, optical path 
switching mechanisms comprising a condenser lens, thermal lens 
forming device, a light receiving lens, and a hole-provided mirror . 
Therefore, when all of the control light beams are turned off, the 
signal light beam travels straight and enters the optical fiber 

20 of the optical signal path 1114. When the control light beam 21 
is turned on, by switching the optical path, the signal light beam 
211 exits to the optical fiber in the optical signal path 1111. 
When the control light beam 22 is turned on and the control beam 
21 is turned off, the signal light beam 212, by switching the optical 

25 path, exits to the optical fiber in the optical signal path 1112, 
while the signal light beam 213, by switching the optical path, 
exits the optical fiber in the optical signal path 1113 when the 
control light beams 21 and 22 are turned off and the control beam 
23 is turned on. An example in which plurality of control light 

30 beams are turned on simultaneously will also be described below. 
[0216] 

The signal light beams entering the optical fibers in the 
optical signal paths 1111, 1112, 1113, and 1114 are received by 
the optical signal receiving units at the receiving side, converted 
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to electric signals, and distributed to the client devices 1201, 
1202, 1203, and 1204, respectively. 
[0217] 

In the optically controlled optical-path-switching-type data 
5 distribution apparatus of Example 1, in order to measure the optical 
response speed of the optical path switching mechanism in the first 
stage, a continuous light beam was used as the signal light beam 
while a square-wave intermittent light beam at a frequency of several 
Hz to 100 kHz and a duty ratio of 1:1 was irradiated as the control 
10 light beam 121, and magnitudes of the intensity amplitudes of the 
signal light beam for which the optical paths had been switched 
were compared. 
[0218] 

The waveform 6210 of the control light beam 121 measured by 
15 an oscilloscope by directing the control light beam from the control 
light beam light source 21 shown in Fig. 4 to an optical detector, 
and the waveform 6220 of the signal light beam 211 whose optical 
path was switched in response to on/off of the control light beam 
121 and directed to an optical detector measured by an oscilloscope 
20 are shown in Figs. 23 and 24. The axis of ordinate of Fig. 24 is 
enlarged three (3) times as large as that of Fig. 23. The frequency 
of the square wave that turned on and off the control light beam 
121 was set at 200 Hz to 100 kHz and the measured result of the 
amplitude L of the waveform 622 0 of the signal light beam corresponding 
25 to the turning on and off of the signal light beam in that case 
is shown in Fig. 25. 
[0219] 

As shown in Fig. 23, the frequency of the square wave that 
turned on and off the control light beam 121 (Fig. 4) was 500Hz 
30 and assuming that the amplitude L of the waveform 6220 of the signal 
light beam corresponding to the turning on and off of the signal 
light beam in this case was one (1) as a reference, the amplitude 
L was approximately one (1) for the frequency range of 0.2 to 2kHz 
of the square wave that turned on and off the control light beam 
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121 (Fig. 4) . That is, it was confirmed that complete optical path 
switching was possible in SOOpsec. This high-speed response was 
performed at greater than twice the speed of an optical switch using 
a thermo-optical effect using an electric heater, which typically 
5 have a response speed measured in milliseconds. 
[0220] 

As an example for the case when the frequency is further 
increased, the waveform 6220 of the signal light beam at a frequency 
of 20 kHz is shown in Fig. 25. As can be seen from Fig. 25, when 

10 the control light beam has been turned off before the switching 
of the optical paths by the thermal lens effect is completed, the 
waveform of the signal light beam becomes a saw-tooth shape and 
the amplitude L becomes smaller. That is, when the response speed 
of the thermal lens effect is exceeded, the switching of the optical 

15 paths is incomplete, and the paths of a portion of the signal light 
beam are not switched and travel straight. 
[0221] 

The same measurement as that measured for the optical response 
speed of the optical path switching mechanism in the first stage 

20 described as above was carried out for the second-stage and the 
third-stage optical path switching mechanisms with each of the signal 
light beams 122 and 123 being turned on and off, and a high response 
speed equivalent to that of the first stage was obtained in each 
stage . 

25 [0222] 

In order to measure the durability of the optically controlled 
optical-path-switching-type data distribution apparatus of Example 
1, a continuous light beam was used as the signal light beam while 
square-wave intermittent light beams at a frequency of 1 kHz and 

30 a duty ratio of 1:1 were irradiated respectively as the control 
light beams 121, 122 and 123, and the intensity amplitudes over 
time of the signal light beam for which the optical paths had been 
switched were compared. As a result, the intensity amplitude of 
neither of the signal light beams was attenuated, even after ten 



thousand hours of continuous operation, 
[0223] 

In order to verify the polarized-wave dependence of the 
optically controlled optical -path- switching- type data 
5 distribution apparatus of Example 1, a single polarizing device 
was inserted in the signal light beam and the control light beam, 
and an experiment was conducted varying the polarization angle in 
various manners . Absolutely no polarized-wave dependence was found 
in any test. 
10 [0224] 

In order to test the cross-talk characteristic of and between 
the exiting straight-traveling light beam and the 
optical-path-switched light beam of the optically controlled 
optical-path-switching-type data distribution apparatus of Example 

15 1, the optical intensity of the exiting light beam from the optical 
fibers 1111, 1112, 1113 and 1114 in optical signal paths was compared 
in cases when all of the control light beams were turned off, when 
only the light source 21 for the control light beam was turned on, 
when only the light source 22 for the control light beam was turned 

20 on and when only the light source 23 of the control light beam was 
turned on. Then, the leaking light (cross-talk) intensity to the 
exiting light beam intensity of interest was a very weak 2000:1 
to 8000:1 (-33 to 39dB) . 
[0225] 

25 In the optically controlled optical-path-switching-type data 

distribution apparatus of Example 1, one data server device transmits 
data to four client devices, and the time required for switching 
optical paths in response to ON or OFF of a control light beam was 
0 . 5 millisecond. Therefore, the delay time At for an optical packet 

30 in response to ON/OFF of the reference clock pulse as shown in Fig. 
3 is 1 millisecond. Thus, the data distributable period to be 
allocated to one client is (1000/4-1 = ) 249 millisecond at maximum; 
the time width of an optical packet can be set to 249 millisecond 
at maximum; and the data size to (10 Gbps x 0.249 second=) 2.49 
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Gbit, or 311 MB at maximum. 
[0226] 

An image data distribution experiment was carried out by 
distributing 240 to 300 MB of data consisting of 200 pages of 
5 high-definition still color images (1.2 to 1.5 MB per one image) 
having 2272 x 1704 pixels with 32-bit color information per pixel 
to each of four users, and the data distribution was successfully 
completed in one second (equivalent to 1 optical packet x 4). 
[0227] 

10 An experiment to distribute four different types of files 

recording color moving images with a size of 1000 MB to four users 
was carried out, and the data distribution was successfully completed 
in four seconds (equivalent to 4 optical packets x 4). 
[0228] 

15 [Comparison Example 1] 

An Ethernet (registered trademark) card providing an Ethernet 
standard transfer rate of 1 Gbps was installed in each of the data 
server device and the four client devices, and a LAN cable with 
a length of 10 m was used to connect between the data server device 

20 and the switching HUB device providing a standard transfer rate 
of 1 Gbps, and between each of the client device and the switching 
HUB device. The data transfer rate was then measured. 58 seconds 
were required to distribute the moving image files having a size 
of 1000 MB, which were the files used in Example 1, to each of the 

25 client devices simultaneously. The same measurement was performed 
after changing the Ethernet of the client devices to the cards 
providing an Ethernet standard transfer rate of 100 Mbps, in which 
case 123 seconds were required. 
[0229] 

30 [Example 2] 

In an optically controlled optical-path-switching-type data 
distribution apparatus such as employed in Example 2, all of optical 
path switching mechanisms 91, 92 and 93 of Example 1 (Fig. 4) are 
replaced with an optical path switching mechanism 191 (Fig. 6); 
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the beam waist (focal point) of the signal light beams and control 
beams are set to position 6 (light beam exiting side) close to 
light-receiving lens 41 of a thermal lens forming device 1; and 
the diameter of a hole 161 of a hole-provided mirror 61 is set to 
5 2 mm, which is smaller than that of the mirror used in Example 1. 
Other component elements are the same as those used in Example 1. 
Using the device, the beam waist (focal point) of signal light beams 
and control light beams are set to a position 6 (light beam exiting 
side) close the a light receiving lens 41 of the thermal lens forming. 

10 device 1, therefore, the transmittance of 1 to 5% for the control 
light beams at light absorbing layer film of a thermal lens forming 
device is preferable. When the optical intensity distribution on 
the cross-sectional plane of the signal light beam 110 entering 
an optical path switching mechanism 191 has a Gaussian distribution, 

15 or a distribution similar to a Gaussian distribution but not an 
annular shape, it is preferable to shape the optical intensity 
distribution on a beam cross-sectional plane of the signal light 
beam into a annular shape using the beam-cross-section 
shaping-into-ring lens group 321 comprising a 

20 circular-cone-prism-type lens, etc. Furthermore, when the signal 
light beams and the control light beams are simultaneously irradiated, 
the converged traveling straight signal light beam 119 exiting the 
thermal lens 60 formed by the optical absorption of the control 
light beams has a smaller beam diameter, and the beam waist thereof 

25 becomes relatively large, as described above, after the signal light 
beam 119 is condensed in the latter stages. In order to avoid this, 
it is preferable to cause the converged traveling straight signal 
light beam 119 to exit as the signal light beam 111 by expanding 
the radius of the signal light beam 119 to 5 mm that is equal to 

30 the radius of the entering signal light beam 110 using the beam 
expander 331. 
[0230] 

The relationship between the on/off state of the control light 
beams 121, 122, and 123 of the optically controlled 
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optical-path-switching-type data distribution apparatus of Example 
2 and optical path switching is as described below. When at least 
the control light beam 121 is turned off, the signal light beam 
110 is reflected by the reflection surface of a hole-provided mirror 
5 61, exits as an optical path switching signal light beam 211, and 
condensed by a condenser lens 71, and enters an optical fiber 1111. 
When the control light beams 121 is turned on, the signal light 
beam 110 passes through the hole 161 of the hole-provided mirror 
61 as the converged straight-traveling signal light beam 119 then 

10 the beam diameter thereof is expanded to the diameter that is equals 
to the beam diameter of the entered signal light beam 110 by the 
beam expander 331 , and enters the second stage optical path switching 
mechanism 192 (Fig. 7) . When the control light beam 121 turns on 
while the control light beam 122 turns off, the signal light beam 

15 111 exits as an optical path switched light beam 212, and enters 
an optical fiber 1112. When the control light beams 121 and 122 
are turned on at the same time, the signal light beam travels straight, 
and enters the third-stage optical path switching mechanism 193 
(Fig. 7) as the signal light beam 112, while enters an optical fiber 

20 1113 as the optical path switched light beam 213 when the control 
light beams 121 and 122 are turned on simultaneously and the control 
light beam 123 is turned off. When all the control light beams 1121, 
122 and 123 are turned off, the signal light beam 110 will finally 
exits as a straight-traveling signal light beam 113 that is condensed 

25 by a condenser lens 401 then enters an optical fiber 1114. 
[0231] 

In order to measure the optical response speed of the optically 
controlled optical-path-switching-type data distribution 
apparatus of Example 2, a continuous light beam was used as the 
30 signal light beam while a square-wave intermittent light beam at 
a frequency of several Hz to 100 kHz and a duty ratio of 1 : 1 was 
irradiated as the control light beam 121, and magnitudes of the 
intensity amplitudes of the signal light beam for which the optical 
paths had been switched were compared. As a result, it was found 
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that the intensity amplitude was not varied up to 2kHz relative 
to the intensity amplitude of the signal light beam at 1Hz and that, 
when the frequency was further increased, the intensity amplitude 
was gradually attenuated, and at 10kHz, the intensity amplitude 
5 was attenuated to a half of the original magnitude thereof. That 
is , it was confirmed that complete optical path switching was possible 
in SOOyisec. This is a response speed more than twice as fast as 
the fastest known optical switch using a thermo-optical effect using 
an electric heater. When the control light beams 122 and 123 turned 
10 on and off similarly, a response speed similar to that when the 
control light beam 121 was turned on and off was observed. 
[0232] 

In order to measure the durability of the optically controlled 
optical-path-switching-type data distribution apparatus of Example 

15 2, a continuous light beam was used as the signal light beam while 
square-wave intermittent light beams at a frequency of 1kHz and 
a duty ratio of 1:1 were irradiated respectively as the control 
light beams 121, 122, and 123, and the intensity amplitudes over 
time of the signal light beam whose optical paths had been switched 

20 were compared. The result shows that the intensity amplitude of 
either of the signal light beams was not attenuated even after ten 
thousand hours of continuous operation. 
[0233] 

In order to test the cross-talk characteristic between the 
25 exiting straight-traveling light beam and the optical-path-switched 
light beam of the optically controlled optical-path-switching-type 
data distribution apparatus of Example 2, the optical intensities 
of the exiting light beam from the optical fibers 101, 11, 12 and 
13 were compared in tests wherein all of the control light beams 
30 were turned off, wherein only the light beam 121 was turned on, 
wherein only the light beams 121 and 122 were turned on, and wherein 
the control light beams 121, 122 and 123 were all turned on. As 
a result, the leaking light (cross-talk) intensity to the exiting 
light beam intensity of interest was very weak, between 1000:1 to 
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2000: 1 (-30 to 33dB) . 
[0234] 

An image data distribution experiment was carried out by 
distributing 240 to 300 MB of data consisting of 200 pages of 
5 high-definition still color images (1.2 to 1.5 MB per one image) 
having 2272 x 1704 pixels with 32-bit color information per pixel 
to each of four users. In each case, data distribution was 
successfully completed in one second. 
[0235] 
10 [Example 3] 

The installation angle (45 degrees against the optical axis 
of the signal light beam 110) of a hole-provided mirror 61 as used 
in Example 1 can be changed and, by determining the shape (the length 
of the major axis against that of the minor axis) of the elliptic 

15 hole 161 through the calculation using trigonometric functions based 
on the installation angle, the angle of the optical path switching 
against the optical axis of the signal light beam 110 can be changed 
freely within a range of approximately 5 to 175 degrees. The 
hole-provided mirrors 62 and 63 disposed in the second and subsequent 

20 stages can similarly be changed. 
[0236] 

Furthermore, by rotating the installation position of the 
hole-provided mirror 61 using the optical axis of the signal light 
beam 110 as a rotation axis and also moving the position of the 

25 condenser lens 71, etc. , the switching of the optical path switching 
direction relative to the optical axis of the signal light beam 
110 can be changed freely within a range from 0 to 360 degrees. 
Installation positions of the hole-provided mirrors 62 and 63 in 
the second and subsequent stage can also similarly be changed. 

30 [0237] 
[Example 4] 

Fig. 8 shows a schematic view of the configuration of an 
optically controlled opt ical -path- switching- type data 
distribution apparatus as employed in Example 4 . In Fig. 8, a light 
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source 20 for a signal light beam, light sources 21, 22 and 23 for 
control light beams, dichroic mirrors 51, 52 and 53, a condenser 
lens 10, an optical fiber 100 and a collimating lens 30 identical 
to those used in Example 1 are employed. 
5 [0238] 

The optically controlled optical-path-switching-type data 
distribution apparatus in Fig. 8 is an apparatus that distributes 
data to eight client devices by switching the optical paths of the 
signal light beam 120 to eight directions of the optical fibers 

10 5101, 5102, 5103, 5104, 5013, 5014, 5015, and 5016, via a total 
of seven optical path switching mechanisms formed by adding and 
connecting, in the spatial connecting scheme, one optical path 
switching mechanism with the optical path switching mechanism 92 
in the second stage of the Example 1 and three optical path switching 

15 mechanisms to the subsequent stage of the optical path switching 
mechanism 91 in the first stage, with the combinations of simultaneous 
turning on and off of all of the three types of the control light 
beams. That is, in terms of the principle, in general, assuming 
that n is an integer of two or larger, then switching of optical 

20 paths in 2 n directions is enabled by connecting 2 n - 1 optical path 
switching mechanisms with combinations of states of turning on and 
off of n types of control light beams. In practice, the number of 
practical combination stages is determined by the combinations of 
transmittances of the signal light beam per one stage of the optical 

25 path switching mechanism. Assuming that the transmittance of the 
straight-traveling signal light beam whose optical path is not 
switched by the optical path switching mechanism is 85% (attenuation 
of 0.7dB as the signal intensity), and that the attenuation factor 
of the switched signal light beam whose optical path was switched 

30 is 80% (attenuation of 1 . OdB as the signal intensity), then the 
total transmittance of the straight-traveling signal light beam 
whose the optical path has been switched throughout the optical 
path is 61.4% (attenuation of 2.1dB as the signal intensity), the 
total transmittance when the optical path has been switched in all 
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of the three stages is 51.2% (attenuation of 2 . 9dB as the signal 
intensity) . The combinations of the simultaneous turning on and 
off of the three (3) types of control light beams 121, 122 and 123 
and the destinations of the exiting signal light beams are summarized 
5 in Table 2. 

[0239] 
[Table 2] 





Control Light Beam 


Destination of 
Exiting Light 
Beam 


121 


122 


123 


Combination 
of ON and OFF 
of the 
Control 
Light Beams 


off 


off 


off 


5101 


off 


off 


on 


5013 


off 


on 


off 


5014 


off 


on 


on 


5102 


on 


on 


off 


5104 


on 


on 


on 


5016 


on 


off 


off 


5015 


on 


off 


On 


5103 



[0240] 

10 As the thermal lens forming device of the optical path switching 

mechanism 91 in the first stage, similarly to the case of Example 
1, a pigment-solution-filling-type thermal lens forming device 
filled with a solution of the pigment [1] that absorbs the signal 
light beam 121 having a wavelength of 532nm was used. The wavelength 

15 transmittance property was also set to be same as that used in Example 
1. 

[0241] 

As the thermal lens forming devices of the optical path 
switching mechanisms 92 (that spatially couples with the 
20 straight-traveling light beam 111 from the optical path switching 
mechanism 91) and 95 (that spatially couples with the switched light 
beam 211 from the optical path switching mechanism 91) in the second 
stage, in either case, and again similar to Example 1, a 
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pigment-solution-filling-type thermal lens forming device filled 
with a solution of the pigment [2] that absorbs the signal light 
beam 122 having a wavelength of 670 nm was used. The wavelength 
transmittance properties of the pigment will be described below. 
5 [0242] 

As the thermal lens forming devices of the optical path 
switching mechanisms 93 (that spatially couples with the 
straight-traveling light beam 112 from the optical path switching 
mechanism 92), 94 (that spatially couples with the switched light 

10 beam 212 from the optical path switching mechanism 92) , 96 (that 
spatially couples with the switched light beam 215 from the optical 
path switching mechanism 95) and 97 (that spatially couples with 
the straight-traveling light beam 115 from the optical path switching 
mechanism 95) in the third stage, in any of those cases, similarly 

15 to the case of Example 1, a pigment-solution-filling-type thermal 
lens forming device filled with a solution of the pigment [3] that 
absorbs the signal light beam 123 having a wavelength of 800 nm 
was used. The wavelength transmittance properties of this pigment 
will be described below. 

20 [0243] 

Here, in the optical path switching mechanisms 92, 93, and 
97 in the latter stages that couple with the straight-traveling 
light beam from the optical path switching mechanism in the previous 
stage, similarly as in Example 1, the signal light beams and the 

25 control light beams were adjusted such that these beams focus at 
a position corresponding to the position 5 of Figs. 11(a) and Fig. 
13, i. e., a position close to the entering surface of the light 
absorbing layer films of the thermal lens devices and, furthermore, 
the sizes of the hole 161, etc. of the hole-provided mirror 61, 

30 etc. were set to be equal to those of Example 1. In this manner, 
the straight-traveling light beam from the optical path switching 
mechanism in the previous stage can be efficiently made to travel 
straight or switched by the optical path switching mechanisms in 
the latter stages. In the optical path switching mechanisms 92, 
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93, and 97, the transmittance of each of the control light beams 
were adjusted to be 0.0 to 0.2% and the transmittance of the signal 
light beam having a wavelength of 850 nm was adjusted to be 85 to 
99%. 

5 [0244] 

On the other hand, in the optical path switching mechanisms 

94, 95 and 96 that couple with the optical-path-switched light beam 
(the light beam having the annular cross-section) from the optical 
path switching mechanism in the previous stage, similarly as in 

10 the optical path switching mechanism 191 of Example 2, the signal 
light beams and the control light beams were adjusted such that 
these beams focus at a position corresponding to the position 6 
of Figs. 11 and 14, i. e., a position close to the exiting surface 
of the light absorbing layer films of the thermal lens devices and, 

15 furthermore, the sizes of the hole 161, etc. of the hole-provided 
mirror 61, etc. were set equal to those of Example 2. However, the 
beam-cross-section shaping-into-ring lens group 321 (Fig. 6) in 
the optical path switching mechanism 191 was not provided because 
the optical-path-switched annular signal light beams 212, 211, and 

20 215 were spatially coupled respectively and entered the optical 
path switching mechanisms 94, 95, and 96 from the optical path 
switching mechanism in the previous stage, with the annular shapes 
being maintained. On the other hand, the beam expander 331 (Fig. 
6) for expanding the beam diameter of the converged 

25 straight-traveling signal light beam 119 was provided with each 
of the optical path switching mechanisms 94, 95, and 96. 
[0245] 

By doing this, the optical-path-switched light beam having an 
annular cross section exiting from the optical path switching 
30 mechanism in the previous stage can be efficiently caused to travel 
straight or switched by the optical path switching mechanisms in 
the latter stages. In the optical path switching mechanisms 94, 

95, and 96, the transmittance of each of the control light beams 
were adjusted to be 1 . 0 to 5 . 0% and the transmittance of the signal 
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light beam having a wavelength of 850 nm was adjusted to be 85 to 
99%. 

[0246] 

The straight-traveling light beams 113, 114, 116, and 117 
5 exiting from the optical path switching mechanism in the third stage 
(the final stage) are condensed by respective condenser lenses 401, 
402, 403, and 404, and enter respective exiting signal light beam 
optical fibers 5101, 5102, 5103, and 5104, while the 
optical-path-switched light beams 213, 214, 216, and 2 17 also exiting 
10 the optical path switching mechanism are condensed by respective 
condenser lenses 73, 74, 75, and 76 and enter respective exiting 
signal light beam optical fibers 5013, 5014, 5015, and 5016. The 
specifications of these optical fibers are the same as those specified 
in Example 1. 
15 [0247] 

For the optically controlled optical-path-switching-type 
optical signal transmission apparatus of Example 4, the optical 
response speeds of the optical path switching mechanisms in the 
first to third stages were measured in the same manners as in Example 
20 1 and similar results were obtained. 
[0248] 

The durability of the optically controlled 
optical-path-switching-type data distribution apparatus of Example 
4 was test in the same manners as in Example 1 and, for any of the 
25 optical path switching mechanisms, the intensity amplitude of the 
signal light beam was not attenuated even after ten thousand hours 
of continuous operation respectively and high durability was 
verified. 

[0249] 

30 In order to verify the polarized-wave dependence of the 

optically controlled optical -path- switching- type data 
distribution apparatus of Example 4, one polarizing device was 
inserted in each of the signal light beam and the control light 
beam, and an experiment was conducted while varying the polarization 
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angle in various manners . As a result, no polarized-wave dependence 
was detected. 
[0250] 

In order to test the cross-talk property of the eight exiting 
5 signal light beams of the optically controlled 

optical-path-switching-type data distribution apparatus of Example 
4 , the optical intensities of the exiting light beams from the optical 
fibers 5013, 5014, 5015, 5016, 5101, 5102, 5103, and 5104 were compared 
for the eight combinations of the turning on and off of the control 
10 light beams as shown in Table 2 . Then, the leaking light (cross-talk) 
intensity to the exiting light beam intensity of interest was a 
relatively weak 1000:1 to 8000:1 (-30 to 39dB) . 
[0251] 

In the optically controlled optical-path-switching-type data 

15 distribution apparatus of Example 4, a single data server device 
distributes data to 8 client devices, and the time required to switch 
optical paths in response to turning on and off of a control light 
beam is 0.5 millisecond for each. Therefore, the optical packet 
delay time At in response to ON or OFF of a reference clock pulse 

20 shown in Fig. 3 is 1 millisecond. Thus, the data distribution time 
that is allowed to allocate to one client is (1000/8-1) 124 millisecond 
at maximum. Thus the time width of an optical packet can be set 
to 124 millisecond at maximum, and the data size can be set to (10 
Gbps x 0.124 second ==) 1.24 Gbit, or 155 MB at maximum. 

25 [0252] 

As an image data distribution experiment, 120 to 150 MB of 
data consisting of 100 pages of high-definition still color images 
(1.2 to 1.5 MB per one image), each having 2272 x 1704 pixels with 
32-bit color information per pixel, was distributed to each of the 

30 eight users. The data distribution was successfully completed in 
one second. 

[0253] 
[Example 5] 

InFig. 10, a schematic view of the configuration of an optically 
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controlled optical-path-switching-type data distribution 
apparatus of Example 5 is shown. Example 5 is an apparatus in which 
the spatially-coupling-type optical path switching mechanisms 91, 
92, 93, 94, 95, 96, and 97 (corresponding to those shown in Fig. 
5 5 or Fig. 6) in the opt ically controlled optical-path-switching-type 
data distribution apparatus of Example 4 are replaced with 
optical-fiber-coupling-type optical path switching mechanisms 910, 
920, 930, 940, 950, 960 and 970 (all corresponding to those shown 
in Fig. 9) . In all of the optical-fiber-coupling-type optical path 

10 switching mechanisms, similar as in the optical path switching 
mechanisms of Example 1, the signal light beams and the control 
light beams were adjusted such that these beams focus at a position 
corresponding to the position 5 of Figs. 11(a) and 13, i. e., a 
position close to the entering surface of the light absorbing layer 

15 films of the thermal lens devices and, furthermore, the sizes of 
the hole 161, etc. of the hole-provided mirror 61, etc. were set 
equal to those used in Example 1. Moreover, in all of the 
optical-fiber-coupling-type optical path switching mechanisms , the 
configuration, the material and the transmittance of the thermal 

20 lens forming devices were set to be the same as those used in Example 
1. The length of optical fibers connecting each of the 
optical-fiber-coupling-type optical path switching mechanisms was 
set to be 10 to 100 m, assuming they are used in ordinary homes, 
hospitals, offices, etc. 

25 [0254] 

In order to compensate for the loss of the control light beams 
caused by the optical-fiber coupling, in the optical path switching 
mechanisms in all of the stages, the power of the control light 
beams that enters the thermal lens forming devices was adjusted 

30 to be 2 to 5mW by increasing the output power of the light sources 
21, 22, and 23 for the control light beams. Furthermore, the output 
power of the light sources for the signal light beams was also adjusted 
such that each of the eight exiting signal light beams has sufficient 
power . 
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[0255] 

The straight-traveling exiting signal light beams in the 
optical path switching mechanisms 930, 940, 960, and 970 in the 
third stage were made to enter respectively light receiving devices 
5 3013, 3014, 3016, and 3017 through optical fibers and collimating 
■ lenses, and the optical-path-switched signal light beams were caused 
to enter respectively light receiving devices 4013, 4014, 4016, 
and 4017 through optical fibers and collimating lenses. 
[0256] 

10 The correspondence between the combinations of the 

simultaneous turning on and off of the three control light beams 
121, 122, and 123 and the destinations of the exiting signal light 
beams in Example 5 are summarized in Table 3. 
[0257] 

15 [Table 3] 





Control Light Beam 


Destination of 
Exiting Light 
Beam 


121 


122 


123 


Combination 
of ON and OFF 
of Control 
Light Beams 


off 


off 


off 


3013 


off 


off 


on 


4013 


off 


on 


off 


3014 


off 


on 


on 


4014 


on 


on 


off 


3016 


on 


on 


on 


4016 


on 


off 


off 


3017 


on 


off 


on 


4017 



[0258] 

The optical response speed, the durability, the 
polarized-electromagnetic-wave dependence and the cross-talk of 
20 the optically controlled optical-path-switching-type data 

distribution apparatus of Example 5 were measured in the similar 
manners as those used in Example 4, and the similar or better results 
than those of Example 4 were obtained. 
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[0259] 

The optically controlled optical-path-switching-type data 
distribution apparatus of Example 5 is an apparatus in which a single 
data server device distributes data to 8 client devices, and the 
5 time required to switch optical paths in response to turning on 
and off of a control light beam is 0.5 millisecond for each 
distribution. Therefore, the optical packet delay time At in 
response to ON or OFF of a reference clock pulse shown in Fig. 3 
is 1 millisecond. Thus, the maximum data distribution time that 
10 can be allocated to any one client is 124 milliseconds. Therefore, 
the time width of an optical packet can be set to 124 ms at maximum, 
and the data size can be set to 1.24 Gbit, or 155 MB at maximum. 
[0260] 

An image data distribution experiment was performed wherein 
15 120 to 150 MB of data consisting of 100 pages of high-definition 
still color images (1.2 to 1 . 5 MB per one image) , each having 2272 
x 17 04 pixels with 3 2 -bit color information per pixel, was distributed 
to each of eight users, with the result that data distribution was 
successfully completed in one second. 
20 [Industrial Applicability] 
[0261] 

The optically controlled optical-path-switching-type data 
distribution apparatus and distribution method may be preferably 
used in, for example, a system for distributing, at a high speed, 
25 a large volume of digital information such as high definition image 
data, high definition moving image data, etc. from a server to a 
selected specific client among a plurality of clients in an office, 
factory, hospital, private home, or the like. 
[Brief Description of the Drawings] 
30 [0262] 

[Fig. 1] Fig. 1 is a schematic view of the configuration of 
an optically controlled optical-path-switching-type data 
distribution apparatus . 

[Fig. 2] Fig. 2 is a diagram showing the flow of data to be 
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distributed from the data server device to a specific client device 
via the data communication unit, using optical packets, optical 
sequence tags, and optical destination tags. 

[Fig. 3] Fig. 3 is a diagram illustrating the synchronization 
5 of optical packets, optical destination tags, and reference clock 
pulses . 

[Fig. 4a] Fig. 4a is a partial schematic view of the 
configuration of an optically controlled 

optical-path-switching-type data transmitting apparatus depicted 
10 with an optical path switching mechanism as in an Example 1 of the 
present invention . 

[Fig. 4b] Fig. 4b is a partial schematic view of the 
configuration of an optically controlled 

optical-path-switching-type data transmitting apparatus depicted 
15 with a simplified representation of the optical path switching 

mechanism as in Example 1 of the present invention. 

[Fig. 5] Fig. 5 is a simplified representation of the 

configuration of an optical path switching mechanism of a 

space-coupling type . 
20 [Fig. 6] Fig. 6 is a simplified schematic representation of 

the configuration of an optical path switching mechanism of a 

space-coupling type . 

[Fig. 7] Fig. 7 is a simplified schematic representation of 

the configuration of an optically controlled 
25 optical-path-switching-type data transmitting apparatus in an 

Example 2 of the present invention. 

[Fig. 8] Fig. 8 is a simplified schematic representation of 

the configuration of an optically controlled 

optical-path-switching-type data transmitting apparatus in an 
30 Example 4 of the present invention. 

[Fig. 9] Fig. 9 is a simplified schematic representation of 
the configuration of an optical path switching mechanism of an 
optical-fiber-coupling type . 

[Fig. 10] Fig. 10 is a simplified representation of the 
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configuration of an optically controlled 

optical-path-switching-type data transmitting apparatus in Example 
5. 

[Fig. 11] Fig. 11 shows an example path of a light beam in 
5 an example where no thermal-lens is formed. 

[Fig. 12] Fig. 12 shows the path of a light beam' when a thermal 
lens is formed when the position of the beam waist is adjusted such 
that the beam waist is positioned in the vicinity of (a) the 
beam-entering side and (b) the beam-exiting side of a light absorbing 
10 layer film. 

[Fig. 13] Fig. 13 is a schematic view illustrating the 
principle of the switching of optical paths when the position of 
the beam waist is adjusted such that the beam waist is positioned 
in the vicinity of the beam-entering side of a light absorbing layer 
15 film. 

[Fig. 14] Fig. 14 is a schematic view illustrating the 
principle of the switching of optical paths when the position of 
the beam waist is adjusted such that the beam waist is positioned 
in the vicinity of the beam-exiting side of a light absorbing layer 
20 film. 

[Fig. 15] Fig. 15 is a schematic view exemplifying a 
pigment-solution-filling-type thermal lens forming device. 

[Fig. 16] Fig. 16 shows transmittance spectra of solutions 
of pigments [1], [2], and [3], respectively. 
25 [Fig. 17] Fig. 17 is a schematic view showing the vicinity 

of a focal point of a Gaussian beam converged by a condenser lens, 
etc . 

[Fig. 18] Fig. 18 shows photographic images- of 
cross-sectional views of an exiting signal light beam that were 
30 captured by projecting the exited signal light onto a 

semi-transparent screen, in which (a) is an image captured when 
a control light beam was irradiated at the same time after the position 
of the beam waist was ad j us ted such that the beam waist was positioned 
in the vicinity of the beam-entering side of a light absorbing layer 
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film, (b) is an image captured when only a signal light beam was 
converted and irradiated, and (c) is an image captured after the 
position of the beam waist was adjusted such that the beam waist 
was positioned in the vicinity of the beam-exiting side of a light 
5 absorbing layer film. 

[Fig. 19] Fig. 19 shows the relationship between a slit and 
a light beam used in optical intensity distribution measurement 
on a cross-sectional plane of a signal light beam. 

[Fig. 20] Fig. 20 shows an optical intensity distribution 
10 on a cross-sectional plane of a signal light beam. 

[Fig. 21] Fig. 21 shows an optical intensity distribution 
on a cross-sectional plane of a signal light beam. 

[Fig. 22] Fig. 22 shows an optical intensity distribution 
on a cross-sectional plane of a signal light beam. 
15 [Fig. 23] Fig. 23 shows the waveforms of a control light beam 

and a signal light beam observed on an oscilloscope. 

[Fig. 24] Fig. 24 shows waveforms of a control light beam 
and a signal light beam observed on an oscilloscope. 

[Fig. 25] Fig. 25 shows the relationship between a frequency 
20 for turning on and off the control light beam and the intensity 
(amplitude) of the signal light beam for which optical paths have 
been switched. 
[Reference Numerals] 

[0263] 

25 1, 2, 3 thermal lens forming device; 5, 6 beam waist (concentrating 
point) ; 10 condenser lens for directing signal light beam and control 
light beam into optical fiber; 20 signal light beam light source; 
21, 22, 23 control light beam light source; 30 collimating lens; 
31, 32, 33 condenser lens; 41, 42, 43 light receiving lens ; 50 entering 

30 surface side thermal lens; 51, 52, 53 dichroic mirror; 60 exiting 
surface side thermal lens; 61, 62, 63 hole-provided mirror; 71, 
72, 73, 74, 75, 76 condenser lens for annular exiting signal light 
beam; 81, 82, 83 wavelength selecting and transmitting filters; 
91, 92, 93, 94, 95, 96, 97 space-coupling type optical path switching 
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mechanisms; 110 collimated entering signal light beam and control 
light beam; 111, 112, 113, 114, 115, 116, 117 straight-traveling 
signal light beam; 118 leaked signal light beam; 119 converged 
straight-traveling signal light beam; 120 signal light beam; 121, 
5 122, 123 control light beam; 161 hole of hole-provided mirror; 191, 
192, 193 space-coupling type optical path switching mechanism; 200 
exiting signal light beam with ordinary divergence angle; 201 exiting 
signal light beam spreading in annular shape; 211, 212, 213, 214, 
215, 216, 217 exiting signal light beam after optical path switching; 
10 300 wave front; 301 beam waist (focal point, concentrating point) ; 

310 condenser lens for straight-traveling exiting signal light beam; 

311 col lima ting lens ; 321 beam- cross -sect ion shaping- into- ring lens 
group; 331 beam expander; 401, 402, 403, 404 condenser lens for 
straight-traveling exiting signal light beam; 501 heat-conducting 

15 layer film; 502 light absorbing layer film and thermal lens forming 
layer; 503 heat-conducting layer film; 700 optical intensity 
distribution measuring device; 701 light receiving unit; 702 first 
slit; 703 second slit; 710 point; 711 collimating lens; 720 point; 
8 00 pigment -solution-filling- type thermal lens forming device; 801 , 

20 802 entering and exiting surface glass plates; 803, 804 side glass 
plate; 805 bottom glass plate; 806 introducing pipe ; 807 introducing 
inlet; 808 pigment solution filling unit; 809 optical cell; 910, 
920, 930, 940, 950, 960, 970 optical path switching mechanism 
including optical fiber coupling system; 1000 data server device; 

25 1010 transmission data storage unit; 1040 input/output control unit; 
1050 data collecting unit ; 1100 data communication unit ; 1101 optical 
switch; 1110, 1111, 1112, 1113, 1114 optical signal path; 1120, 
1121, 1122, 1123 optical signal transmitting unit; 1130, 1131, 1132, 
1133 optical signal receiving unit; 1140, 1141, 1142, 1143 data 

30 transmission/reception control unit ; 1201, 1203, 1203 client device; 
1211, 1212, 1213 received data storage unit; 1241, 1242, 1243 
input/output control unit; 1261, 1262, 1263 data display unit ; 1400, 
1401, 1402, 1403 electric signal path; 3013, 3014, 3016, 3017 light 
receiving device; 3110, 3120, 3130, 3140, 3150, 3160, 3170 collimated 
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optical-fiber exiting light beam; 4013, 4014, 4016, 4017 light 
receiving device; 4110, 4120, 4130, 4140, 4150, 4160, 4 170 collimated 
optical-fiber exiting light beam; 5013, 5014, 5015, 5016 optical 
signalpath; 5101, 5102, 5103, 5104 optical signal path; 6210 waveform 
5 of control light beam; 6220 waveform of signal light beam; 12000, 
12001, 12002, 12003, 12004, 12005 optical packet; 12010, 12020, 
12030 data; 12011, 12012, 12013, 12021, 12031 optical packet; 12111, 
12112, 12113, 12121, 12131 optical destination tag; 12211, 12212, 
12213, 12221, 12231 optical sequence tag; 12311, 12312, 12313, 12321, 
10 12331 information portion of optical packet; 13000, 13002, 13004, 
13006, 13008, 13010 ON state of reference clock pulse; 13001, 13003, 
13005, 13007, 13009 OFF state of reference clock pulse. 
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[Name of the Document] Abstract 
[Abstract] 

[Object] To provide an optically controlled 

optical-path-switching-type data distribution apparatus and 
5 distribution method involving an optical packet communication 
system. 

[Achieving Means] There is provided an optically controlled 
optical-path-switching-type data distribution apparatus for 
providing data from a data server device to one or more specific 

10 client devices selected from a plurality of client devices, 

comprising: a data server device, a data communication unit and 
a client device. The data communication unit comprises: an optical 
switch, an optical signal path, an optical signal transmitting unit, 
an optical signal receiving unit, and data transmission/receipt 

15 control unit. The optical signal transmitting unit comprises: a 
signal light beam light source for irradiating a signal light beam 
having one or more wavelengths, and a control light beam light source 
for irradiating a control light beam having one or more wavelengths 
that are different from those of the signal light beam. The optical 

20 switch comprises: one or more light absorbing layer films for 
transmitting the signal light beam and selectively absorbing 
respectively only one specific wavelength of the control light beams; 
means for respectively converging and irradiating the control light 
beam and the signal light beam to each of the light absorbing layer 

25 films; one or more thermal lens forming devices for causing the 
converged signal light beam to exit while maintaining beam 
convergence or for varying the angle of divergence of the signal 
light beam and for causing the signal beam to exit, in response 
to the presence or absence of irradiation of the one specific 

30 wavelength of the control light beam, by using a thermal lens 

containing the light absorbing layer films and based on a distribution 
of refractive index produced reversibly caused by temperature 
increase generated in an area of the light absorbing layer film 
that has absorbed the one specific wavelength of the control light 
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beam and in the periphery thereof; and one or more mirrors, each 
provided after one of the thermal lens forming devices and having 
a hole and reflecting means, for passing the signal light beam exiting 
the thermal lens forming devices through the hole or deflecting 
5 the optical path of the signal light beam by reflecting the signal 
light beam by the reflecting means in response to the presence or 
absence of irradiation of the one specific wavelength of the control 
light beam. 

[Selected Drawing] Fig. 1 
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